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The Backbone of Cost Saving 


Dimensional Control 








if you are manufacturing mechanical elements, close dimensional control ‘will save you 
assembly time because accurately sized parts fit together quickly. Applied directly at the 
machine, proper gages suve you scrap losses and much machine time. When all the 
eleinents of a mechanical assembly are held accurately within tolerance, that assembly 
gives superior performance in service. 

Around Sheffield instruments and gages have been developed some of the most effective 
dimensional quality control policies in the manufacturing field. Let us send you descriptive 
literature on cost saving equipment—it may lead to solving your inspection problems. 


THE PRECISIONAIRE is a flow type air THE VISUAL GAGE is an indicating 
comparator set by means of precision gage 
blocks for checking external dimensions, 
the angularity of surfaces, the angularity 
between a bore and a surface, run-out, 
squareness, straightress and parallelism and the pitch diameter of screw threads. 
—also many external dimensions. Write It is both a production and a tool room 
instrument. Write for catalog. 


gage for measuring true and average 
diameter, bellmouth, out-of-round for 
through and blind holes—concentricity, 


for catalog. 


























Sheffield can supply any type 
of standard or fixed size gage 


ond a wide range of indicator U. S.A 
o « j 


gages for shop checking 








Sheffield’s principal products include Gages, Measuring Instruments, Machine Tools, 
Contract Services and Threading Tools. Standard Gages shipped within 24 hours. 











"icons mousse” [Industrial Quality Control 


During the Summer and Fall of 
1947, active work on the part of VOL. IV JANUARY 1948 No. 4 
a number of energetic American . ‘ . 
Society members in various parts of 
the state resulted in organization 


of the Tennessee Society for Qual- 
ity Control with Mr. Parker D. Deans clhde Contents 
as its first President. In Novem- 


ber, this Society applied for recog- 





nition as a Section of the Amer- 
ican Society, and such recognition Page 
was voted unanimously by the Ex- , , , 
ecutive Commitios of its meeting Tennessee And Minnesota Sections Recognized : 3 
in Rochester on 6 December, 1947. 

Since the early days of its or- Notes . . ; . . ; . ; 3 
ganization, the lowa Section has 
ag —— of yy = Second Annual Convention, ASQC, and Fourth Annual 
mn enens ae Sh. Te, Quality Control Clinic, Rochester Society for Quality 
terest in Quality Control matters Cc 6 
has been growing apace in the ontro : 
Twin Cities, and during November, 
these members formed the nucleus Detection of Non-Random Variation When Size of Sample 
for organizing a new Minnesota Varies. Acheson J. Duncan ; 9 
Society for Quality Control, which 
applied immediately for recogni- . , , 
ton an Gm Mnoneat Séiien ot Quality Control Proves Itself in Assembly, Wilbur L. Burns 12 
the American Society. Recognition 
of this Section was also voted Use of Statistical Methods for Time Study of Batch pro- 
unanimously by the Executive Com- cesses, W. S. Traylor 18 
mittee at its December meeting. 

75 is the first Pres- ‘ : , , 
ae Se SO ee cee ee Let’s Try Analysis of Variance, James A. Fizzell ’ 22 


ident of the Minnesota Section. 
With these additions, the Amer- 
ican Society now has twenty-nine 
active Sections. 
NOTES First Annual Clinic and Gage Exhibit of the St. Louis 
1. The Post Office Department does Section, ASQC . f ’ 2 } : : 27 
not forward IQC to forwarding 
address. The magazine is de- 7 
livered to the address on file 


with the Executive Secretary. If 
you make a change of address American Society News 


and expect to get your copy of ' ; ; 

IQc, a that tlh de Be of Board and Committee Meetings During Rochester 

the new address is sent to Convention 
Ralph E. Wareham 
Executive Secretary Executive Committee Meets. ' ‘ , ' 28 
305 E. 43rd Street 
N York 17, N. Y. ‘ = 

2. Pct to IQC can help Professional Consultant Advertising ; : 29 
greatly with the mechanics of 
processing and publishing their Employment Advertising 
manuscripts if they observe the 
en ee ek ee Pere oe 

(a) Submit a minimum of two 
copies of the paper, each ' 
eeauntiiee B.2 , double- Draft Code of Ethics : ., , ; 30 
spaced. 

(b) Subrnit at least one set of Year Book 1947-1948 ; . 30 
charts, graphs, and di- 
agrams with all data, let- 
tering, and art work in black - a 
India ink on a good grade C Q ) 


of non-transparent paper. 


A Training Program Becomes A “Clinic”, George A Hunt 25 


Important Notice 


28 


29 
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. ycom PARATORS 
IN ONE! 


A Simple, Rigid, 
Reliable Instrument 
With Many Uses 


(Model 108) 
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SERRATED 







Contact Pressure 

Can Be Regulated 

Any +2 or #3 Size AGD 

Indicator With Standard 

Type Back May Be Used 
— Also the 


Entirely 
Self-Contained 






Five 
4” x2" Interchangeable 
SERRATED Tables 









Anvils Rigidly 
Mounted On 
Heavy Base 


Fine Adjustment 
Easily Made With 
Wing Handle 








E ‘NEW 


sTanoano Micronar 
INDICATOR 


A high amplification, high accuracy instru- 
ment, ideal for use on this Comparator. 


ENGLISH MODEL SeacreRSEEAON? prance oo18” 
METRIC MODEL GRADUATED .00!1 mm RANGE .04 mm 





























STANDARD GAGE CO. Inc. Poughkeepsie, N.Y. 
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ANNOUNCING THE 


Second Annual Convention 
American Society for Quality Control 


AND 


Fourth Annual Quality Control Clinic 
Rochester Society for Quality Control 


CHAMBER OF COMMERCE, ROCHESTER, NEW YORK 
MONDAY AND TUESDAY, FEBRUARY 16 AND 17, 1948 


Plans are rapidly maturing for a 
program of subjects and speakers 
that will make the Second Annual 
Convention of the American Society 
a fitting successor to the first one, 
held in Chicago last year. The 
Rochester Section and the Indus- 
trial Management Council of Ro- 
chester will be hosts to the Conven- 
tion this year. 

The program as tentatively out- 
lined in the November issue of the 
magazine has been somewhat 
modified to provide for an inte- 
grated sequence of presentations. 
There will be two luncheons, but 
only one dinner meeting. The af- 
ternoon of the first day, and the 
morning of the second day, will 
be devoted to general session meet- 
ings. The clinical sessions will be 
held in the afternoon of the second 
day. Around this core of formal 
meetings, ample time has also been 
provided for Board and Committee 
meetings of the Amcrican Society, 
for visiting the gage exhibits, and 
for general, informal fellowship. 

The general theme of this year’s 
meetings will be “Quality Control 
in the Coming Buyer's Market.” 
This will be divided into two sub- 


groupings: 


(a) Stock Taking General Ses- 
sions; 

(b) Advancement Programs and 
Clinics. 


The first luncheon speaker, and 
each of the two speakers at each 


6 


of the two general sessions, will 
talk on topics that will be tied to- 
gether to cover the general theme 
of the conference. All subjects will 
follow a coordinated pattern bear- 
ing on quality control in relation to 
Management, Sales, Engineering, 
Purchasing, Manufacturing, and In- 
spection. 

The dinner session will be the 
Annual Dinner Meeting of the 
American Society for Quality Con- 
trol. The speakers at this meeting, 
and at the second luncheon meet- 
ing, will be men with outstanding 
reputations in the field of statistical 
quality control. Their talks will 
cover this field generally in terms 
of the past, present, and future 
role of the science of quality con- 
trol as an aid to industry. 


Hotel accommodations are avail- 
able as shown in the accompany- 
ing table. Guests are urged to 
make early room reservations di- 
rectly with the hotel, mentioning 
that they are coming to the Con- 
vention. 

The price for a full, two-day, 
conference ticket, including the two 


Hotel Address 
Powers Hotel 34 Main St. W. 
Hotel Rochester 95 Main St. W. 


Hotel Seneca 


Hotel Sheraton 111 East Avenue 


26 Clinton Ave. S. 


luncheons and one dinner, is 
$15.00. Split tickets will also be 
available, but by days only — not 
for individual sessions. The fees 
on this basis are $10.00 for the 
Monday sessions (including the 
noon luncheon and the Convention 
Dinner), and $7.00 for the Tues- 
day sessions (including the noon 
luncheon). Requests for conference 
reservations should state clearly 
what coverage is wanted, must be 
accompanied by remittance to 
cover the reservations requested, 
and should be addressed to 


Mr. Joseph C. Warren 
Industrial Management Council 
12 Mortimer Street 

Rochester 4, New York. 


As in previous years, the gage 
exhibits will be a worthwhile feat- 
ure of this conference. There are 
still a few spaces available for ex- 
hibits. Inquiries regarding pro- 
curement of exhibit hall space 
should be addressed to 

Mr. William Myers 

Gleason Works 

1000 University Avenue 

Rochesrer 3, New York. 





Rate Per Day 

Double Room 
(Twin Beds) 

$6.00 to $7.25 

$6.50 to $8.00 

$7.00 to $9.00 

$6.50 to $8.00 


Single Room 
$3.00 to $4.75 
$3.00 to $6.00 
$3.50 to $6.00 
$3.65 to $6.15 
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As this issue of Industrial Qual- 
ity Control goes to press, final ar- 
rangements to round out the pro- 
gram are nearly complete. Final 
and full details will be mailed to 
all members of the Society in the 
form of a folder announcement as 
soon as the necessary information 
becomes available. The program 
as given herewith indicates clearly 
a range of topics and speakers that 
challenges attention. 

General Theme: “QUALITY CON- 
TROL IN THE COMING BUYER’S 
MARKET.” 
Place: Rochester Chamber of Com- 
merce, 55 St. Paul Street, Rochester, 
New York. 


Monday, February 16, 1948 


10:00 A.M. 

Registration—Lobby 

All members and guests attend- 
ing the Convention or any of its 
sessions are urged to register at 
Convention Headquarters in the 
Lobby of the Chamber of Com- 
merce immediately upon arrival, 
even though they may have se- 
cured their Convention tickets in 
advance. 


10:30 A.M. 
Committee Meetings—ASQC 
Gage Exhibits—Small Hall 


12:15 P.M. 

Luncheon—Grand Hall 

SUBJECT: “Management Evalu- 
ates Progress in the Quality 
Control Field” 

SPEAKER: Mr. Lee McCanne, Vice- 
President and General Man- 
ager, Stromberg-Carlson Com- 
pany, Rochester, New York. 


2:30 P.M. 
General Session—Grand Hall 
(1) SUBJECT: “Quality Control 
and Purchasing” 
SPEAKER: Mr. Stuart F. Hein- 
ritz, Editor of the maga- 
zine “Purchasing,” New 
York City, New York. 
(2) SUBJECT: “Quality Control 
and Manufacturing” 
SPEAKER: Mr. Phillip Bow- 
man, Vice-President in 
charge of Plants, Bristol 
Laboratories, Syracuse, 
New York. 


4:00 P.M. 
Gage Exhibits—Small Hall 
Board of Directors Meeting, 
ASQC 
6:15 P.M. 
Second Annual Convention Din- 
ner, ASQ@C—Grand Hall 
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SUBJECT: “Quality Control Shows 
the Way” 

SPEAKER: Dr. A. E. R. Westman, 
Director, Department of Chem- 
istry, Ontario Research Foun- 
dation, Toronto, Canada. 


Tuesday, February 17, 1948 
9:00 A.M. 
General Session—Grand Hall 
(1) SUBJECT: “Quality Control 
and Sales” 

SPEAKER: Mr. William Kerr, 
Sales Manager, !nstrument 
Division, American Optical 
Company, Southbridge, 
Massachusetts. 

(2) SUBJECT: “Quality Control 
and Engineering” 

SPEAKER: Mr. Joseph Man- 
vele, Director of Quality 
Control, Westinghouse 
Electric Corporation, East 
Pittsburgh, Pennsylvania. 

10:30 A.M. 
Gage Exhibits—Small Hall 
Board and Committee Meetings, 
ASQC 
12:15 P.M. 
Luncheon—Grand Hall 
SUBJECT: “Quality Control in In- 
dustry During the Post-War 
Period.” 
SPEAKER: Dr. Hugh M. Small 
wood, Member-of-Staff, Gen- 
eral Laboratories, United States 


Rubber Company, Passaic, 
New Jersey. 
2:30 P.M. 


Clinical Sessions—Room assign- 
ments will be given in the 
Convention Program, and will 
be posted at Convention Head- 
quarters in the Chamber of 
Commerce. 

CLINIC 1 

SUBJECT: “The Plant Organiza- 
tion Required for Quality Con- 
trol” 

SPEAKER: Mr. Paul Robert, Qual- 
ity Control Division, Interna- 
tional Business Machine Cor- 
poration, Endicott, New York. 

CLINIC 2 
Cancelled 
CLINIC 3 

SUBJECT: “Inspecting Inspectors 
—A Psychological Testing Pro- 
gram” 

SPEAKER: Dr. Leo Smith, Direc- 
tor of Counciling Center, Ro- 
chester Institute of Technology, 
Rochester, New York. 

CLINIC 4 

SUBJECT: “Quality Control Train- 
ing Programs in Education and 
Industry” 


SPEAKER: Mr. Edward Reynolds, 
Research Associate, Syracuse 
University, Syracuse, New 
York. 


CLINIC 5 
SUBJECT: “Quality Control in the 
Smaller Factory and Job Shop” 
SPEAKER: Mr. D. Larmonth, Qual- 
ity Director, Walz and Krenzer, 
Incorporated, Rochester, New 
York. 


CLINIC 6 
SUBJECT: “Statistical 
Control—Practically” 
SPEAKER: Mr. Walter Oliver, As- 
sistant Quality Conirol Man- 
ager, Timken-Detroit Axle 
Company, Detroit, Michigan. 


CLINIC 7 
SUBJECT: “Latest Developments 
in the Gaging Field” 
SPEAKER: Mr. J. A. Harrington, 
Chief Engineer, Doall Com- 
pany, Minneapolis, Minnesota. 


CLINIC 8 

SUBJECT: “The Mechanics of How 
Quality Control Can Solve 
Purchasing and Vendor Rela- 
tion Problems.” 

SPEAKER: Mr. Dorian Shainin, 
Chief Inspector, Hamilton 
Standard Propellors, East 
Hartford, Connecticut. 


CLINIC 9 
SUBJECT: “Chemistry Finds Uses 
for Quality Control” 
SPEAKER: Dr. Everett V. Lewis, 
E. |. DuPont de Nemours Com- 
pany, Wilmington, Delaware. 


CLINIC 10 

SUBJECT: “Quality Reports to 
Management” 

SPEAKER: August B. Mundel, 
Chief Engineer, Quality Con- 
trol and Inspection Division, 
Sonotone Corporation, Elms- 
ford, New York. 


CLINIC 11 
SUBJECT: “Control Efforts’ in 
Proportion to Control Needs” 
SPEAKER: Warren Purcell, Man- 
ager, Quality Control Depart- 
ment, Lamp Division, Sylvania 
Products, Incorporated, Salem, 
Massachusetts. 


‘ CLINIC 12 

SUBJECT: “Consumer Pressure 
and Its Effect on Management 
and Quality Control” 

SPEAKER: Dr. W. R. Pabst, Navy 
Bureau of Ordnance, Quality 
Control Division, Washington, 
~. 


Quality 





2:30 P.M. 
Advertising Committee Meeting 


ASQC 


4:00 P.M. 

Gage Exhibits 

Committee Meetings—ASQC 
5:00 P.M. 

Adjournment 





VISIT THE 
GAGE 
EXHIBITS 








PLANNING COMMITTEE 


General Chairman and President, 


Rochester Society 


J. A. Tilton, Delco Appliance Divi- 


sion, General Motors. 


Co-Chairmen 


Leonard Coger, Rochester Pro- 


ducts Division, General Motors. 


Alfred L. Davis, Rochester Insti- 


tute of Technology. 


Program Committee Chairman 
Halsey Kent, Camera 
Eastman Kodak Co. 


Exhibits Committee Chairman 
William Myers, The Gleason 
Works. 


Works, 


Registration Committee Chairman 
Joseph Warren, The Haloid Com- 
pany. 


Reception Committee Chairman 
David Ohl, Graflex, Inc. 


Hotel Accommodations Committee 
Chairman 
Edward Becker, Taylor 
ment Companies. 


Instru- 


Luncheon and Dinner Committee 
Chairman 
Raymond Golemb, Stromberg- 
Carlson Company. 


Publicity Committee Chairman 
Donald Kridel, Kodak Park 
Works, Eastman Kodak Company. 





EXHIBITORS AT QUALITY CONTROL CONFERENCES SPONSORED BY SECTIONS OF THE 
AMERICAN SOCIETY FOR QUALITY CONTROL ARE CONSISTENTLY SATISFIED WITH THE 
FAVORABLE RESPONSE FROM THIS AUDIENCE— 


Why Not 


Put YOUR Product or Services 


Before This Market 
SIX Times a Year? 


ADVERTISE 


through 


Industrial Quality Control 


THE MAGAZINE THAT IS READ BY THE MEN WHO CAN 
USE YOUR PRODUCT! 


For Rates and Space Address Your Inquiry To 
Edward D. Thompson, American Society for Quality Control 
Post Office Box, 1097, Chicago 90, Illinois 
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Detection of Non-Random Variation 


When Size of Sample Varies 


ACHESON J. DUNCAN 


THE JOHNS HOPKINS UNIVERSITY 


it is the purpose of this paper to 
discuss some of the problems that 
arise in the use of control charts 
when the samples employed vary 
considerably in size. In particu- 
lar, it is argued that runs up and 
runs down, and cyclical movements 
in quality, cannot be properly de- 
tected on such a chart. As a means 
of meeting these difficulties, the 
proposal is made that the vertical 
scale on control charts be laid off 
in standard deviation units, or 
when that is unsatisfactory, that 
the vertical scale be made to 
measure the probability of a 
sample of equal or poorer quality. 
For p-charts, it is suggested that 
use be made of binomial prob- 
ability paper. 

Before developing the argument 
in detail, it must be emphasized 
that the quality control engineer 
should make every effort to ob- 
tain equal or approximately equal 
size samples. If that is not feas- 
ible, he should try to obtain 
samples that may be broken down 
into sub-samples that are of ap- 
proximately the same size. It is 
only when all efforts of this kind 
have been unavailing, that the en- 
gineer has to face the problems 
that arise from unequal size 
samples. 

lf the size of sample does not 
vary, the limits on the ordinary 
control chart are constant. On 
such a chart, lack of control is in- 
dicated by points outside the con- 
trol limits or by non-random var- 
iation within the limits. The former 
are designated “high spots” or 
“low spots” and are the evidence 
of lack of control most commonly 
looked for. Non-random variation 
within the control limits may take 
the form of (1) cyclical movements 
in the plotted points, (2) a bunch- 
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ing of the points near the upper 
and lower control limits, (3) a long 
run above average or a long run 
below average, and (4) a long run 
up or a long run down. 

Cyclical movements refer to pat- 
terns of upward and downward 
movements in the® data that tend 
more or less to repeat themselves. 
On a fraction defective control 
chart, for example, the values .09, 
.10, .11, .08, .07, .09, .11, .10, .07, 
OP, .12, .03, @6, OF,..4a, .32, .1@ 
would constitute a cylical move 
ment. Such movements may gen- 
erally be detected by an examin- 
ation of the control chart. 

Bunching near the control limits 
means greater concentration near 
the edges of the control chart than 
in the center. If the control limits 
of a fraction defective control chart 
were .14 and .01, the values 11, 
02, O6,..0@, .13,..13, O04, GS, .32, 
.02, .05, .03, 07, .11, .10 would il- 
lustrate a bunching of points near 
the control limits. Such bunching 
is usually detected by an examin- 
ation of the control chart. 

Runs above and below average 
and runs up and down may be 
illustrated as follows. If the aver- 
age of a control chart is .07, then 
the values .10, .11, .09, .11, .10, 
.13, .12, .08, .09 would constitute 
a run of 9 above average and .06, 
.05, .04, .05, .06, .06, .05 would 
constitute a run of 7 below aver- 
age. A succession of values such 
as .05, .04, .06, .07, .09, .11, .12, 
.13, .11 would constitute a run of 
6 successive increases, and the 
values .10, .12, .11, .09, .08, .06, 
.05, .04, .03, .05 would constitute a 
run of 7 successive decreases The 
first is called a run up of 6 and the 
second a run down of 7. A run of 
9 or more above or below the me- 
dian, or a run up or a run down 
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VARIABLE LIMITS 


of 8 or more is considered as evi 
dence of lack of control.’ 


If the size of sample varies, the 
limits on the ordinary control chart 
will also vary. (See, for example, 
Figure 1.) On such a chart high 
spots and low spots and runs above 
and runs below average will con- 
tinue to be indicators of lack of 
control just as on a control chart 
with constant limits. There is a ques 
tion, however, whether a control 
chart with variable control limits is 
a proper instrument for detecting 
cyclical movements or runs up and 
down in quality. .Statistical theory 
says that there will be greater var- 
iability in a sample statistic if the 
sample is small than if it is large 
Hence, if samples vary greatly in 
size, sample to sample comparison 


1. Cf. Eugene L. Grant Statistical Oualily 
Control, p. 247 and P. S. Olmstead Dis 
i n of Sample Arrangements for Runs 
Up and Down Annals of Mathematical 
Statistics, Vol 17 (March 1946) PE 
24-33 
9 








does not appear to be justified 
Certainly it does not seem sound to 
try to detect cyclical movements cor 
runs up or runs down in quality 
where the potential variability of 
the statistic used to measure qual 
ity is different from sample to 
sample. Variable control limits do 
not change bunching, but it may be 
more difficult to detect if the limits 
vary widely 
The problems that thus arise 

the use of the ordinary control chart 
when samples considerably 
in size may be met by a reexan 
ination of the statistical procedure 
for measuring variation in quality 
To the writer the proper method of 


vary 


measuring changes in quality is t 
compare the probabilities of the 
sample deviations. To put it another 
way, @ process may be said to be 
under control only if the variability 
of a sample statistic in samples of 
constant size adheres to an un 
changing probability distribution 
lf the distribution of a 


sample statistic varies with the size 


selected 


of the sample, ihen when varying 
size samples are inspected, a new 
statistic whose distribution is inde 
pendent of the size of the sample 
should be employed. This will give 
a distribution which will make it 
possible to compare sample var 
ations. If it is not possible to find 
such a statistic, then the 
chart should be set up directly in 
terms of probabilities 


control 


This recommended procedure 
will now be discussed with refer 
ence to particular cases. Suppose 
first that the distribution of the 
sample statistic X can be approxi 
mated by the normal distribution 
Then the statistic that will be inde 
pendent of the size of the sample is 
(X x) o, or the deviation of the 
sample statistic from its mean value 
divided by its standard error. In 
essence this means that when the 
distribution of the sample statistic 
is normal or approximately norm 
al, the control chart that will prop- 
erly depict cyclical movements and 
runs up and runs down is one on 
which the sample variations are 
measured in standard deviation 
units. 


To illustrate, suppose that a pro 
cess has a mean of 1076 and a 
standard deviation of 20, and that 
variability appears to be normal 
On the ordinary control chart, the 
statistic plotted would be the 
sample mean. The central line 


10 


would be at 1076 and the limits 
would be given as a function of 


sample size as follows 


UCL —X +-30/\/N 
1076 +-60/\,/N 
LCL — X—30/\/N 


1076—60 N 
On the recommended contro! chart 
making use of standard deviation 


units, the statistic plotted C the 


chart would be A-X the cer 
O/ {nw 
tral line on the chart would be at 


zero, the upper control limit at 3 
and the lower control limit at 3 
This modified chart could be called 


an X 
an ordinary X 


chart to distinguish it fron 
X— chart 

To show how a run up on one 
chart might not be a run up on the 
other, suppose the following six 
samples were taken 


Sample N xX 
1 10 1069 
2 70 1071 
3 20 1075 
4 60 1079 
5 30 1080 
6 15 1082 


On an ordinary x chart with 
variable control limits, these sample 
means would appear as in Fig- 
ure | 

For the given data the statistic 


oa would have the values: 
S-x 
Sample O/\w 
] 1.177 
2 2.50 
3 22 
4 1.16 
5 1.09 
6 1.16 


which when plotted on an X, 
chart would look as shown in Fig- 
ure 2. 

lt is seen immediately that on 


the ordinary X— chart the sample 














UCL.“ 
7 . o 
¥-o > 
- 
LGL.°J 
Figure 2—X,—CHART 


means show a run up of 5. On 
the X however, no such 
run appears it should be clear 
that the reverse might also be true 


chart, 


A run up or down on the X 
chart might not appear as a run 
Since 


on the ordinary X chart 


the X nart, it contended, is 
the proper one for showing true 
runs in quality, the ordinary X 
chart with variable contro! limit 
hould not be used for that p 

pose. it should also be clear that 
a cyclical movement on an xX 

chart might be so distorted on an 
X— chart with variable control lim 


its as to be unrecognizable. 


That X charts 
quire more work on the part of the 
operating staff is not denied. The 
amount of the extra work, how- 
ever, would not be very great. The 
quality control office could prepare 


would re- 


a table of values for a/\/N, using 
the standard deviation of the pro 
cess and expected values of N 
The man who maintains the control 
chart would thus need only to sub 
tract the mean calculated for each 
sample from the stated process 
mean and divide by the value of 


0 JN given by the table. If the 
control chart man knows how to 
use a slide rule, the extra work 
required would be very slight. 

it might be noted that X 
charts with their constant limits 
would be a better form to present 
to management, and would prob 
ably raise less questions from all 
sources than do X charts with 
variable control limits. If it is be 
lieved that the use of standard 
deviation units might be confusing, 
it would be possible to use a scale 
based on percentages of 30. In 
other words, instead of using the 


statistic O/In , one could use 
.” 7 ti os 
ISN ‘ The control limits in 


this case would be 1.00 and 

1.00, intermediate points would 
run .72, —.53, .42, etc., and high 
spots and low spots would be 
shown by values numerically great- 
er than 1.00. Such a chart is illus- 
trated in Figure 3. It may be con- 
sidered a special version of an 


X, chart 


1. Th suggestion was made to the writer 
by Mr. B. L. Sander of the Bendix Rad 


Division of the Bendix Aviation Corp 
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The foregoing iilustration per- jo | | ee Bez - | = 
tains to a control chart for vari- r | | 
ables. Consider now a _ control 5 a | ttt i AT 
chart for fraction defective. If p Y | ft | 
; : ma 
is the estimate of the process aver- st | | —t + —t _}__4 } | | 4 
age, and if p is greater than .10, ; | | } | | | | | | 
so that the normal distribution is ai marae | —. 
used in setting up control limits, Oo / 5S /O 2 fo 100 “75 
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se limits would be Number of Non- Detectives 
oct = 53 | SL 92cL-b-3|7 2") . Figure 5—BINOMIAL PROBABILITY GRID 
‘ ‘ 
of o, the proper statistic would be only draw in the line representing 
If, as before, the size of the _p-b the process average. The man who 
sample varies considerably, the 3(/40-2 , and the limits on the maintains the control chart would 
control limits on a p- chart would | w then have merely the job of locat- 


also vary considerably. As in the 
case of variables, it may be con- 
tended that such a chart would not 
properly show cyclical movements 
or runs up or runs down. The 
recommended procedure is to use 
a control chart showing the statis- 
tic (i.e. sample per- 
1 ww 
centage p, minus the process aver- 


age p, divided by the standard 
deviation of the sample percent- 
Such a chart would have a 


chart would be 1 and se | 
worksheet for the latter type of 
control chart is shown in Figure 4.' 
'f 30 values can be obtained from 
tables computed in the head office, 
the work of the operator will con- 
sist of elementary arithmetical com- 
putation. 

A graphic method that might be 
even simpler and would involve no 
arithmetic computation is to use bi- 
nomial probability paper. This is 
illustrated in Figure 5. On this 


ing the point whose ordinate is the 
number of defective units in the 
sample and whose abscissa is the 
number of non-defective units and 
then measuring the perpendicular 
distance from this point to the line 
representing the process gverage. 
(See Figure 5). This distance he 
could lay off on a control chart 
whose vertical scale was the stan- 
dard deviation (a) scale indicated 
on the binomial probability paper, 
or a scale that is 1/3 of this if 3o 
units are used.* 


age). paper the control chart office need 

mean of zero and constant control 

limits of +3 and 3. For brevity The design of this table was suggested to 2. This method was suggested to the writer 
; on the writer by B. L. Sander of the Radio by Frederick Mosteller, Harvard University 
it may be called a p,- chart. If Division of the Bendix Aviation Corpore Dr. Mosteller and Dr. Tukey sre co-de 


units of 30 are employed instead 


tion 


Q.C. Date Sheet 
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If p is less than .10, it is custom- 
ary to use the Poisson distribution 
instead of the normal distribution 
to approximate the binomial dis- 
tribution. Binomial probability 
paper, however, continues to give 
a reasonably good approximation 
to the binomial distribution for 
values as low as p .01 and 
samples as small as 50. In fact, 
the approximation is not bad for 
p—.01 and samples as small as 5. 
In practice, then, where samples 
frequently run much larger than 


50, binomial probability paper can 
be used with safety even for very 
low probabilities. It might be de- 
sirable in such cases, however, to 
“blow up” the paper to a larger 
size for practical use in the plant. 

In conclusion, it might be noted 
that if samples are large and var- 
iable in size, the ordinary o— chart 
should also be replaced by a chart 
which uses standard deviation 
units. The argument and proced- 
ure would be the same as that per- 
X- chart with var- 
The only dif- 


taining to an X- 
iable control limits. 


ference would be that o would re- 
place X and o/\/2N would replace 


a/\/N. This modified type of o- 
chart might be designated a a,- 
chart. If the samples varied in size 
but were smaller than 30, a chart 
expressed directly in probabilities 
would afford the simplest proced- 
ure. Unfortunately, however, the 
chi-squore tables from which the 
probabilities would have to be 
computed are not graduated suffi- 
ciently to make this a practical solu- 
tion. Similar remarks would apply 
to R- charts. 


Quality Control 
Proves Itself In Assembly” 


WILBUR L. BURNS 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION 


SETTING 

The term “Quality Control” is so 
broad that confusion is likely to 
arise unless the field of applica- 
tion is defined. At the Harrison 
Radiator Plants of General Motors 
the three major applications of 
quality control methods are: 

1. Scientific sampling. 

2. Control of direct measure- 
ments in the manufacturing 
process. 

3. Identification of quality of 
manufactured products after 
fabrication or at various 
stages in the production pro- 
cess. 

The latter, which will be dis- 
cussed here, may be considered 
quality determination rather than 
quality control because little can 
be done to control or rectify the 
defects after they are found in the 
completed product, but the infor- 
mation obtained from such deter- 
mination permits production de- 
partments to correct quality defects. 
In that sense, quality determination 
leads to quality control, and for 


* Paper presented at Clinic $16, Second Mid 
west Quality Control Conference, June 6, 
1947. Not published in Conference Papers 
because manuscript not available when the 
book went to press 
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that reason this field is one in 
which the Quality Control Depart- 
ment will almost certainly be called 
to work. This broader field not only 
must be considered, but it has 
proved itself in our assembly de- 
partments. 

Quality control by statistical 
methods was first employed in our 
plant during World War Il, as an 
aid in increasing the quantity of 
good quality material in order to 
meet the volume production re- 
quired by the armed forces. It was 
found that the application of these 
methods not only increased produc- 
tion of good quality material, at 
the same time reducing scrap losses 
of scarce metals, but also resulted 
in an appreciable decrease in cost. 

Realizing that quantity, quality, 
and costs are of as vital concern 
to the manufacturer under peace- 
time conditions as they were dur- 
ing the war, the need for quality 
control has increased, particularly 
in assembly departments which 
constitute a large portion of our 
operations. Statistical methods are 
used as a scientific technique for 
collecting and analyzing data, set- 
ting quality standards, and main- 
taining adherence to these stand- 
ards. 


In any program of quality con- 
trol, it must be recognized that in 
quality as in everything else, there 
is a law of diminishing returns. As 
perfection is approached, cost of 
production often rises to dispropor- 
tionate heights. Therefore, quality 
must be reconciled with a cost of 
production which permits quantity 
sales in a competitive market. The 
tool of quality control properly 
used in setting quality standards 
can be a great aid to management 
in maintaining a proper balance 
between quality, cost, selling price, 
and net profit. 

The problem of quality control in 
our Thermostat and Radiator As- 
sembly Departments is very similar 
to that of any other manufacturer 
turning out millions of the same 
kind of thing each year, whether 
it be flat irons, airplanes, or choco- 
late drops. We set up a quality 
standard in line with the law of 
diminishing returns, and then try to 
make all of the units to conform 
to this standard. Here our troubles 
begin. 

The aim of the manufacturer 
is to reproduce the same kind of 
product again and again, but in the 
assembly of heat transfer units 
which requires the soldering of 
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Figure 1 — RADIATOR ASSEMBLY — OUTLET LEAKS — MODEL R-200 
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Figure 2 — RADIATOR ASSEMBLY — LOWER TANK REAR LEAKS — MODEL R-200 
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Figure 3 


hundreds of water-tight joints, as 
in other fields, we know it is quite 
impossible to make two things ex- 
actly alike. Even with the best 
known means of regulating mater- 
ials, production, machinery, and 
manual operations, we always find 
measurable differences in individ- 
val articles turned out by the pro- 
duction process. Therefore, one of 
the basic characteristics of quality 
is variability. This variability is 
something we can never get away 
from, but quality control methods 
will help in regulating and con- 
trolling it in assembly, from unit 
to unit, from machine to machine, 
from jig to jig, from operator to 
operator, from day to day, and so 
on. 

Our problem then is: How much 
may the quality of a radiator or 
thermostat vary and still be con- 
trolled? In other words, how much 
variation between assemblies 
should be left to chance? A system 
of chance causes is present in any 
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and variation within this 
system is inevitable. However, by 
the use of the control chart the 
presence or entrance of assignable 
causes for excessive variation can 
soon be recognized. The undesir- 
able factors contributing to the 
cause for these out-of-control 
points may then be investigated 
and corrective measures taken to 
improve or eliminate them. 
PROCEDURE 

When inaugurating a quality 
control program in an assembly 
department, as well as in any other 
department, a thorough study of 
the entire process should be made. 
This study should include such items 
as sequence of operation, types of 
machinery, equipment, jigs, fix- 
tures ond gauges used, method, 
operator motion path, and facilities 
for disposal of good material and 
scrap or rework material. The lo- 
cation of inspection points and past 
inspection records should also be 
reviewed. Existing inspection rec- 


process, 


DEFECTIVE BELLOWS REJECTED AT FINAL 


INSPECTION 


ords are often found to be inade- 
quate due to being incomplete or 
inaccurate. It may also be neces- 
sary to check inspector variability 
which is prevalent in visual inspec- 
tion as a result of the difference 
in judgment between inspectors. 
Only pertinent information should 
be recorded on inspection records, 
which are designed so that the data 
can be recorded with a minimum of 
effort and confusion by the inspec- 
tor. 

Upon completion of an analysis 
of the preliminary information 
(taken from either existing or new 
inspection records), frequency dis- 
tributions, control charts, and any 
other information relative to the as- 
sembly should be worked up along 
with an outline of the proposed 
plan for approaching the problem, 
and presented to upper manage- 
ment for approval. 


Quality control without correct- 
ive action is sterile. Therefore, 
after obtaining approval of the 
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proposed program by top man- 
agement, the next step of forming 
a Corrective Action Committee, and 
presenting this preliminary infor- 
mation to them at the beginning 
of a control program, is very im- 
portant. At Harrison, the nucleus 
of the Corrective Action Committee, 
of which the Quality Control En- 
gineer is chairman, is composed of 
the Production Superintendent of 
the plant involved, the Production 
Foremen and Inspection Foremen 
concerned, the Project Engineer, 
and a representative of the Meth- 
ods Department, the Tool Depart- 
ment, and the Field Service Depart- 
ment. Other members of manage- 
ment may be called in from time to 
time as necessary. At the first 
meeting of this committee the major 
point of trouble, as revealed in the 
preliminary investigation, is se- 
lected for discussion, and after con 
sidering all contributing factors, a 
plan of corrective measures is de 
veloped and agreed upon 


Quality charts for applicable con- 
ditions ore then placed as near as 
possible to their respective oper- 
ations in the assembly department. 
From the viewpoint of securing the 
most effective use of quality con- 
trol methods in a manufacturing 
plant, each application should be 
tailor made for its particular cir- 
cumstances, and of course the type 
of chart used will depend upon the 
kind of product, operation, or var- 
iable to be controlled. At each 
Corrective Action Meeting, the 
charts for operations that show lack 
of control are reviewed and dis- 
cussed. The committee then in- 
vestigates to determine what action 
is necessary to bring the operation 
into control. Progress reports of 
all corrective measures taken are 
made to the committee at subse- 
quent meetings. It is also the re- 
sponsibility of the chairman of the 
committee to send a summary re- 
port of each meeting to all mem- 
bers of the committee and to mem- 
bers of mgnagement immediately 
after each meeting. 


The charts are plotted immedi- 
ately after the end of the shift each 
day. Points falling outside the con- 
trol limits are jointly investigated 
by the Quality Control “trouble 
shooter” and the Production Fore- 
man concerned. Their findings and 
corrective measures taken are re- 
corded on a “high point” report, 
copies of which are sent to the Pro- 
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duction General Foreman and the 
Inspection General Foreman daily, 
so that they know of the points 
causing trouble, and also what is 
being done about them. (The 
lines of authority and responsibil- 
ity at Harrison run through the Sup- 
erintendent, General Foreman, and 
the Department Foreman.) 


ILLUSTRATION A — RADIATOR 


The inspection data converted 
to chart form not only give a 
graphic picture of the quality of 
the assembly operations, but tend 
to focus attention on the trouble- 
some points. The charts also stim- 
ulate thinking for corrective meas- 
ures. Figure 1* illustrates how one 
change reduced the number of re- 
pairs after assembly. As a result 
of the attention the quality record 
focused on outlet leaks at the end 
of the assembly line, the Superin- 
tendent of our Standards and 
Methods Department suggested 
that the design and material be 
changed. In addition to the mater- 
ial and labor savings resulting 
from this change, the quality rec- 
ord indicated a considerable re- 
duction in leaks; therefore, it was 
quickly approved for all models. 


Figure 2 shows how a change in 
one operation may affect another 
assembly operation. In this par 
ticular instance, there was consid- 
erable variation in the number of 
leaks found on the rear side of the 
lower tank-to-core joint after as 
sembly Investigation revealed 
that the high degree of heat re- 
quired for assembling the outlet 
into the tank was disturbing the 
solder joint of this previous oper- 
ation. The material change re- 
quired much less heat for outlet as- 
sembly, and the lower tank rear 
assembly was also brought into 
control. 

Quality control undertakes to 
buiid quality into a product rather 
than attempting to accomplish the 
quality objective through futile and 
costly inspection. In the past, many 


disagreements between Engineer- 


ing, Inspection, and Production 
were due to the absence of facts 
in a form that would provide o 
basis for agreement. In many 
cases, the Quality Contro! records 
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"Average lines and control limits in Figures 

and 2 have been computed as explair ed 
in the appendix, and for each month are 
a projection of the previous month’s ex- 
perience. 


now provide the necessary infor- 
mation which is used by all groups 
in arriving at a rational solution 
of many of their mutual problems. 
By tabulating, summarizing, and 
making chain use of the dotu ob- 
tained at inspection points in the 
assembly process or at the end of 
the assembly line, we readily get 
a running picture of events at each 
assembly operation. By properly 
analyzing this picture, we can also 
get the answers to some of the 
questions that are of importance to 
those responsible for shop perform- 
ance. A foreman in our Thermo- 
stat Department says that he often 
uses the record of the Quality Con- 
trol Chart to point out the need for 
such things as redesigned assembly 
fixtures, machine maintenance, or 
changes in manufacturing tolerance 
Another foreman says that when 
he is trying to get an idea accepted, 
he often gets acceptance on the 
basis that the Quality Control 
Charts will show its merits or de- 
merits. If the quality record shows 
an improvement, the idea usually 
is accepted, and if the quality rec- 
ord shows poorer quality or more 
rejections, he himself, doesn’t want 
the change. 


ILLUSTRATION B — THERMOSTAT 


In our Thermostat Department, 
the percentage of completed ther- 
mostats rejected for defective bel- 
lows at final inspection appeared 
too high, as indicated in Figure 3. 
An analysis of the quality record 
showed that at this level of rejec- 
tion it would be more practical to 
place an inspection point at the be- 
ginning of the process to sort out the 
defective bellows, instead of letting 
them get through to assembly, only 
to have the completed thermostat 
rejected at final inspection. The 
new inspection point resulted in a 
1% reduction in rejections at final 
inspection, afforded closer control 
at the bellows assembly operation, 
and also brought to light the fact 
that approximately .6% of the re- 
jections were due to damage oc- 
curring in the assembly process. 
After considerable investigation, it 
was found that the operator had a 
tendency to bend the bellows in 
one of the assembly operations. 
When this was corrected, rejections 
for defective bellows were imme- 
diately brought into control at a 
new low rejecticn level. Without 
the addition of the new inspection 
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odic quality progress reports to 
upper management Figure 4 il nso 
lustrates a simple graph showing 
the overall quality for a given por 
product; this graph is sent to upper 
management and members of the ai 
Corrective Action Committee week Li 
ly. This type of routine report may 
also be supplemented occasionally 
with other reports that are of in 
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methods engineers, tool engineers, 
product engineers and others, all 
participate. From the standpoint 
of management, the important 
question is not who gets the credit, 
but rather what savings are we 
making, and what quality im- 
provements are we getting, by 
using this tool of quality control, 
that were overlooked previously? 


CONCLUSION 


Since the installation about a 
year ago of quality control tech- 
niques in our assembly depart- 
ments, a large reduction in costs 
has been made through: 

1. More uniform work at higher 

quality standards. 

2. Reduced 

and scrap. 

3. Improved inspection and pro- 

duction methods. 

4. Higher production of good 

assemblies per man-hour. 

5. Better plant relations which 

have grown out of the co- 
ordination work of the Qual- 
ity Control Department. 


repairs, salvage, 


It should be recognized that the 
activities of the Quality Control 
Department must have the support 
of top management, but even so, 
the Quality Control Engineer should 
not depend upon this support for 
acceptance of his program. For the 
most satisfactory results, there must 
be a spirit of cooperation all along 
the line which will come in a con- 
siderable measure from the man- 
ner of persuasion and diplomacy 
used, and the ability to get along 
with people on the part of those 
in the Quality Control Department. 
The Quality Control Engineer must 
possess imagination and ingenu- 
ity, as well as the courage of his 
own convictions. He cannot be 
merely a yes man, but at the same 
time the production foremen who 
are there on the firing line each day 
must be made to feel that Quality 
Control is @ device to help them 


rather than police them. The qual- 
ity control operator should always 
remember that the original source 
of most of his information must 
usually come from the processing 
or assembly area. 

Quality Control techniques can 
be effectively used in practically 
all departments of a manufactur- 
ing plant where variation in some 
form is sure to exist. Wherever 
variation is present, statistical con- 
trol will be helpful. Based upon 
the daily determination of quality 
at the end of the radiator assembly 
lines, our Standards Department is 
successfully applying time study 
values and setting production rates 
of pieces per hour on certain op- 
erations. 

At Harrison, Statistical Quality 
Control is an effective industrial 
tool for maintaining the thought 
expressed in the slogan “Quality 
is remembered long after the price 
is forgotten.” 


APPENDIX 
Formula for computing control 
chart limits.* 


c Number of leaks in 
daily sample. 

u Number of radiators 
in the sample. 

100(c ‘u) Average number of 
leaks per 100 radia- 
tors. 

(This point is plotted 
on chart.) 


Monthly average of 
leaks per 100 radia 
tors. 

CONTROL LIMIT FORMULAS 


100(c / u)’ 


UCL/100 —(c/u)’ 4 
3\/(¢e/u)'/\/u 
LCL/100 —(c/u)’ 


3\/(c/u)’/\/u 

Calculation of center line and 
control limits is shown below for 
July based on the June record. 
(See accompanying table and Fig- 
ure 1). For July, u is estimated as 


50. 


100(c /u)’— (100)(116)/841-— 14 
UCL— 14+ 300\/.14/\/50— 30 
LCL—14—300\/14/\/.50— 0 
Grant, F. L., “Statistical Quality Control,” 
McGraw Hill Book Co., New York, 1946 


pp. 304-305 


Outlet Leak Record for June 


No. of Leaks 
Date No. Tested inSample Av. Per Rad. Av. Per 100 Rads. 
U c c/u c/u x 100 
6/3 39 14 35 35 
6/4 45 4 .08 8 
6/5 46 5 .10 10 
6/6 48 13 .27 27 
6/7 40 6 15 15 
6/10 58 2 .03 3 
6/11 50 4 .08 8 
6/12 50 1 .22 22 
6/13 50 8 16 16 
6/14 50 10 .20 20 
6/17 32 3 .09 9 
6/18 50 1 .22 22 
6/19 33 1 .03 3 
6/20 50 3 .06 6 
6/24 50 6 12 12 
6/25 50 8 16 16 
6/26 50 5 10 10 
6/27 50 2 04 4 
Total 84) 116 
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Use of Statistical Methods for 
Time Study of Batch Processes” 


W. S. TRAYLOR 


HERCULES POWDER COMPANY, MANSFIELD, MASSACHUSETTS 


ABSTRACT 


Industries using batch processes, 
where large investments are in- 
volved in processing equipment, 
need a system for intimate time 
study of individual phases affect- 
ing the total processing time to 
assure maximum production per 
machine-hour. The arithmetic av 
erage of the total time consumed 
in processing a series of batches 
has been used, but this does not 
give the complete story of the op- 
eration. The statistical method of 
time cycle control provides a means 
for arranging various phases af 
fecting the operation for individual 
study 

Establishing the studies required 
in the investigation and the meth- 
ods used in assimilating the data 
for plotting the charts are import- 
ant steps in the successful use of 
the system By using statistical 
methods to study the production 
in a previously assumed efficient 
operation, a general time reduc 
tion of ten to twenty percent was 
realized in the processing cycles 


THE REASONS FOR TIME STUDY 


In industries where batch pro- 
cesses are used, the cooking cycle 
of the batch, or the processing time, 
is second only to quality in import- 
ance. An _ intimate study of the 
phases affecting the processing 
time is the only means by which 
the efficiency of the operation can 
be determined. 
in production per 
man-hour or machine-hour _ is 
recognized as the best method 
available to industry for reducing 
cost. This increase for batch pro- 
cesses can be accomplished by sev- 
eral methods using one or more, 
or all, of the following devices: 


An increase 


(1) Improvement in formulation 
(2) Improved machine design 
(3) Improved tech- 


nique. 


operating 


Even though all these devices 
and others may be installed to im- 
prove the efficiency of an oper- 
ation, there can be no guarantee 
that maximum efficiency is being 
obtained unless there is an accur- 
ate method of measuring changes 
in time intervals. Development 
and maintenance of an efficient 
operation depends upon establish- 
ing an hour by hour, day by day, 
and month by month method of 
measuring the performance against 
time, and organizing the resulting 
data for comparative study. Sud- 
den bursts of efficiency for short 
intervals in production drives can- 
not be accepted as good oper- 
ations. Such drives are usually of 
short duration, and results are quite 
often obtained through a sacrifice 
of quality, morale, and machines. 
The real measure of plant effici- 
ency is a stable day by day aver- 
age performance showing improve- 
ments that can be measured and 
maintained. 


Heretofore it has been difficult 
for the production man using a 
batch process to measure the effi- 
ciency of his plant in relation to 
average time cycles. He has made 
use of arithmetic averages, but the 
arithmetic average of the total time 
consumed in processing does not 
give a complete picture of the op- 
eration. It does not take into con- 
sideration the range within which 
all accurately processed batches 
can be expected to fall. The arith- 
metic average is not specific, for it 
does not indicate at what point 
in the process time is saved or 
time is lost. When the operator 
draws a conclusion regarding the 
efficiency of the operation, he can 
assume only that a cycle time less 
than the arithmetic average is just 
good fortune, and consider that a 
cycle time greater than the arith- 


"Presented at a meeting of the Boston Section 
ASQC, October 15, 1947. 


metic average is lost operating 
time, usually with no cause assign- 
able for the lost time or the im- 
provement as the case may be 


The introduction to industry of 
control by statistical methods pro- 
vides the production man with a 
tool well-adapted for measuring 
the efficiency of the plant through 
time study, and enables him at the 
same time to keep a permanent 
record of the operation. There is 
no limit to the number of phases 
of the operation that can be studied 
individually by this method. 


Time cycle control, or study, of 
batch processes by statistical meth- 
ods has been used in the Mansfield 
Plant of Hercules Powder Com- 
pany since January, 1947, with 
some very interesting and profit 
able results. It is important to 
note that this time study was made 
in a plant fitted with new equip- 
ment, where the best in machine 
design had been installed, where 
the best known operating tech- 
niques were applied, and where 
the process had been improved by 
research to such a point that im- 
provements in operating proced- 
ures had reached a stalemate. The 
cycle time of the process involved 
in the study had previously been 
reduced 50% through the use of 
improved equipment and operat- 
ing techniques. Thus, the oper- 
ation was one which outwardly 
appeared to have reached maxi- 
mum efficiency. Cycle times had 
been reduced to a point where min- 
utes, not hours, were important. 


The results from a study made on 
two processing vessels or kettles of 
identical design and method of 
heating will be discussed and il- 
lustrated on charts. Eleven related 
products were produced in the ves- 
sels. By using statistical methods 
to study the production of all these 
products, a general time reduction 
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of ten to twenty percent was re- 
alized in the processing cycles. 


SETTING UP TIME CYCLE CONTROL 
STUDY 


The successful use of statistical 
methods for time cycle control de- 
pends entirely on setting up the job 
correctly. Each study must repre- 
sent a phase of the operation or 
a group of phases that may be 
easily segregated for analysis 
Combining studies to reduce chart- 
ing is limited and may be prac- 
ticed only to the extent that a 
given study does not lose its in- 
dividuality, nor cease to be specific. 
In carrying out the plan at Mans- 
field, each cycle was broken down 
into the following studies: 


1. Charging Time 

2. Upheat Time 

3. Holding Time 

4. Total Time or Gross Time. 


The “Charging Time” covered 
that phase of the operation from 
the time the last batch was dis- 
charged from the kettle until all 
ingredients had been charged for 
the next batch. Included in charg- 
ing time were a number of oper- 
ations the individual data for which 
were not plotted but were carried 
on the operating log sheets, and 
were available for study should 
the need arise to make a more thor- 
ough investigation. For example, 
the time required to load each raw 
material into the kettle was re- 
corded, but data were not plotted 
individually. 

Items which could _ influence 
charging time included the time 
taken to get the kettle back into 
operation (human factor), the per- 
formance of pumps and conveyor 
used in charging the raw materials 
(mechnical factor), the condition of 
the raw materials (viscosity, moist- 
ure), and the temperature of the 
kettle after all ingredients had 
been charged (human factor and 
boiler efficiency) 

Naturally, it took some research 
to establish the time factor for 
each piece of equipment used in 
charging, but this was not a major 
problem requiring a lot of time. 
This information may usually be 
obtained with little effort as the 
job progresses. In cases where two 
identical pumps or other identical 
pieces of equipment are being 
used, relative efficiencies may be 
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determined by comparing rates for 
the similar pieces equipment. 

The second study, that of “Up- 
heat Time” covered the period be- 
ginning with the time when the 
last raw material was charged to 
the kettle until the batch reached 
the top temperature at which it was 
held to complete the reaction. Un- 
fortunately, upheat time could not 
be further broken down in time 
intervals for future study. Factors 
affecting upheat, then, had to be 
previously known or hunted out if 
valuable time was to be saved in 
this period of operation. Primarily, 
upheat time represented boiler ef- 
ficiency or the rate at which the 
kettle was being supplied with 
heat. When upheat time showed 
a lag and needed investigation it 
called for a study of the boiler, 
and all auxiliary equipment, such 
as temperature recorders and auto- 
matic valves, that’ controlled heat 
or the rate at which heat was sup- 
plied to the kettle. 


The third study of the processing 
cycle was “Holding Time” which 
covered the period of operation 
from the time the kettle reached top 
temperature until the reaction was 
completed and the product dis- 
charged from the kettle. This phase 
of the operation can be broken 
down further into time intervals 
which, though not charted individ- 
ually, may be recorded on the log 
sheet for future reference. Factors 
affecting holding time are: ac- 
curacy of the temperature record- 
er, control samples, application of 
various processing techniques at 
the correct time and in the correct 
manner, and the discharge of the 
kettle when the reaction is com- 
pleted. 

The summarizing phase of the 
study, “Total Time”, was the gross 
time of all the other studies. This 
is the part of the operation most 
interesting to management and the 
director of operations. It reflects 
the efficiency of the operation and 
might easily be the controlling 
factor between profits and losses. 
It is the summation of all the oper- 
ating efforts. It gives the tell-tale 
results that cannot be changed for 
the better nor maintained without 
going through the previous tedious 
steps of studying the component 
parts of the total cycle. 

This is the line of demarcation 
between arithmetic averages and 
statistical methods for use in time 


study. The arithmetic average 
gives only the gross time consumed 
in processing all batches. The sta- 
tistical method of time cycle con- 
trol provides a means for averag- 
ing individual data on various 
phases affecting the operation so 
that they can be segregated for 
careful analysis. 


It will be discovered in setting up 
a time study that one does not 
know or is not conscious of all the 
variables in the operation. This 
should not be discouraging, for it 
will be surprising, once the studies 
are established, how easily previ- 
ously unrecognized variables can 
be ferreted out. Things will be 
learned about the operation that 
no one dreamed ever existed 
When a time lag appears for me 
chanical reasons, there is a perm 
anent performance record right at 
hand to indicate when and where 
repairs and replacements’ are 
needed. 


After establishing the various 
studies required in the operation, 
the next step is to set up a system 
whereby all the data needed in 
plotting the charts are easily ac 
cessible to the plotter in a concise 
form. This system may vary with 
plants, depending on the supervis 
ery organization. One thing which 
must be borne in mind, however, 
is that a complete story of the op- 
eration must be furnished the per 
son who will analyze the .charts 
and make suggested changes in 
the operation. 


The plan used in the Hercules 
Mansfield time study was as fol 
lows 


Loose leaf log sheets were kept 
in duplicate for each batch pro- 
cessed. These loose leof sheets 
were substituted for the log books 
previously used in the plont, thus 
making one copy available to the 
person doing the plotting and 
analyses. This person received all 
the data needed without interrup- 
tion of the operation by removal 
of the log book from the operating 
area. Wherever possible, the op- 
erator doing the processing calcu- 
lated -his own time intervals and 
projected them on a plant control 
chart posted in the operating orea 
This method keeps the operator in- 
terested in his work and provides 
job satisfaction not otherwise pos- 
sible. All log sheets were checked 
each morning by a foreman before 
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the duplicate copy was delivered 
to the office. Any errors found in 
the log sheet by the foreman were 
corrected, and information relative 
to the errors was passed along to 
the operator responsible for the er- 
rors. 


In the office a complete up-to- 
date set of time cycle charts is car- 
ried on each product produced. 
These charts are regarded as per- 
formance or action charts rather 
than control charts. They are 
posted daily, using data available 
on the log sheet, and action can 
be taken immediately if corrections 
in the process are indicated. In 
these action charts, data on indi- 
vidual batches are plotted against 
control limits based on averages of 
subgroups of five. Although this 
is not in accordance with standard 
practice, the individual data are 
purposely plotted against control 
limits for averages to exaggerate 
the appearance of variation on the 
chart 


Such practice may be open to 
question, but this type of chart was 
selected because it was felt that 
this arrangement of the data would 
help to encourage the reduction of 
deviations in time from the aver- 
age. If control limits for individual 
batches were used, the spread be- 
tween the limits would be approx- 
mately 2.2 times as wide as when 
limits based on averages of five 
are used. There should then be 
roughly 99% of the points within 
these individual control limits, so 
that corrective action would seldom 
be called for. What was wanted 
was a chart that would show in- 
dividual batch plottings and at the 
same time induce action to reduce 
deviations from the average time 
even though the deviations were 
within statistical limits. 

Plotting individuals against con- 
trol limits for averages, although 
not statistically correct, neverthe- 
less has proved psychologically 
useful in establishing tighter control 
over variability in the process. As 
a further consideration, it may be 
emphasized that there are also a 
sufficient number of variables 
within each batch of product pro- 
cessed to make each point on the 
chart an individual study. It should 
not, however, be inferred from this 
discussion that the procedure used 
in keeping these action charts 
would be a generally useful sub- 
stitute for standard contro! chart 
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procedures; it is simply an adapta- 
tion that has proved useful in the 
circumstances with which _ this 
paper is concerned. 


The control limits used were 
based on averages of data from 
the two kettles, and the individual 
batches were plotted on the plant 
chart in a color assigned to each 
kettle. Combining average data 
from the two kettles to establish 
the control limits was the extent to 
which combinations were made to 
reduce the number of charts re- 
quired. 


Before this study was instituted 
all operating personnel were brief- 
ed on the principles of quality con- 
trol and were furnished with an 
elementary pamphlet on the sub- 
ject showing how to make the ne- 
cessary calculations for the various 
studies, and how to plot and use 
charts. 


GENERAL IMPROVEMENT 
OBTAINED 


The first positive results obtained 
from the use of these charts were 
realized through a study of the ef- 
ficiency of the various operators. 
By initialing the runs made by the 
various Operators it was easy to es- 
tablish that some workers were 
more efficient than others, and to 
find at exactly what point in the 
operation the deviation existed. 
These points were reviewed with 
the operators and resulted in an 
immediate improvement, but this 
improvement was not permanent 
until action charts were set up in 
the operating area. The human 
factor was ever present through- 
out this investigation, but it was 
found that once action charts were 
introduced in the plant, time 
wasted by human cause was small 
as compared to mechanical fail- 
ures. 


An actual time study chart, Parts 
1, 2, and 3, is shown. This chart 
is for one of the products and 
covers a period of 6 months. It 
is typical of similar charts for all 
products studied in this investiga- 
tion. The chart shown is an actual 
duplicate of the action chart from 
the operation. Individual batch 
data for each kettle were plotted 
against control limits based on 
averages of subgroups of 5. 


The January section of Part | 
shows data for operating perform- 
ance before time study control was 


started. Immediately after the in- 
troduction of the time study at the 
beginning of February the chart 
shows a decided narrowing of the 
control limits in all respects. The 
improvement in the control limits 
of the two studies “Charging Time” 
and “Holding Time” can be attrib- 
uted to the operating personnel. 
Since all mechanical devices used 
in charging the raw materials to 
the kettles functioned at a fixed 
rate, barring mechanical failures, 
efficiency depended upon the elim- 
ination of wasted time in making 
use of the equipment. Avoiding 
time lost in the holding time study 
also depended to a considerable 
extent on the human factor. The 
handling of control samples, the 
application of the various operat- 
ing techniques, and the discharge 
of the product after the reaction 
was completed depended consider- 
ably on the dexterity of the oper- 
ators. 


The reason “Holding Time” did 
not show a marked decrease in 
time as did the other studies needs 
further explanation. In processing 
the particular product shown here 
graphically, there is a time-tem- 
perature relationship in the reac- 
tion rate which cannot be changed 
without changing the processing 
temperature. Holding time is a 
partial measure of the reaction rate 
for the process, though there are 
factors not related to the reaction 
which enter into this phase of the 
study. 

Actually, in a perfectly controlled 
process of this type, when “Upheat 
Time” decreases, not all, but a por- 
tion of the time saved will be sa- 
crificed to a longer holding period. 
In this study it was coincidental 
that sufficient time was saved in 
the holding phase of the operation 
through control of factors not re- 
lated to the reaction rate to com- 
pensate for a major portion of the 


time increase through the reduction 
in upheat time. The theoretical 
time balance for a given temper- 
ature which exists between upheat 
time and holding time has now 
been approached in this process. 
If the operation is controlled, this 
relationship should remain constant 
and should vary only when the top 
processing temperature changes as 
is shown in the April section of the 
next graph. 
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The remarkable improvement in 
“Upheat Time” was accomplished 
mainly by the careful distribution 
of the load on the boiler to obtain 
maximum heat when kettle de- 
mands were at their highest. This 
was merely a case of maintaining 
a uniform cycle so that one kettle 
could be on the upheat while the 
other was being held at top heat 
or was being finished off. Occa- 
sionally a kettle had to be held 
back or better spaced to accomplish 
this, but less time was wasted or 
lost in spacing than would have 
been lost had the kettles been op- 
erated at random as had been the 
previous custom. 


In Part 2 of the graph, it will be 
observed in the April section that 
the temperature reco-der on Kettle 
B slipped, giving high readings. 
The resulting low kettle temper- 
ature slowed down the _ reaction, 
and this was reflected in a longer 
holding time. The consequences 
of this recorder failure indicated 
that slight temperature changes 
would not lower product quality. 
This lead was followed up and 
higher processing temperatures 
were introduced to shorten the 
cycle and increase production. This 
higher rate of productior was 
maintained through April and part 
of May, but the product was then 
coming off so fast that the finished 
product handling equipment 
proved inadequate to keep the ma- 
terial out of the way. Consequent- 
ly, finished product load limits were 
established and kettle cycles were 
again lengthened, by lowering 
cooking temperature, to maintain 
uniform operation. 


In Part 3 of the graph, deviations 
in the “Charging Time” illustrate 
how small variations in the time 
interval may be recognized and 
investigated. The charging phase 
of the operation gave little trouble 
until May when wet material and 
a power failure caused noticeable 
departure from the limits. During 
the June operation, the loading con- 
veyor on Kettle A began to give 
trouble. Results for this kettle were 
out of control during the early part 
of the month, though the average 
time involved was very small. 
Elimination of this trouble amount- 
ed merely to a cleaning operation. 
The important factor is that such 
small time losses, involving only 
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10 to 15 minutes can be picked up 
from the control chart. It will be 
observed, also, that during May 
and June the holding time data in- 
dicated, by exceeding the upper 
control limit, that another process- 
ing temperature irregularity ex- 
isted. This difficulty has been cor- 
rected since that time 


With sufficient patience and 
study, there should be found an 
explanation for every deviation 
in each batch. With proper equip- 
ment and proper control it should 
be possible to minimize the devi- 
ations so that the graphs tend to 
shrink down to a straight line 


drawn at the average time _ for 
each phase of the cycle 

Aside from the saving in oper- 
ating time and the improvement 
in quality and uniformity of the 
finished product, through the use of 
this method of control, other ad- 
vantages of no less importance 
may be obtained. Each day’s use 
of appropriate charts for time study 
produces additional information to 
add to the experience in process- 
ing the product. The charts pro- 
vide an accurate record of machine 
performance Replacement of 
equipment and needed repair can 
be predicted. Inadequate and im- 


properly designed equipment af- 
fecting production can be spotted 
Additional advantages are: 

(1) Provision of permanent rec 
ords of operation in concise 
form. 

(2) Graphic presentation of data 
which makes analysis easy. 

(3) Provision of job satisfaction 
because workers can see and 
understand results. 

(4) Provision of a medium for 
reporting data that is easily 
understood. 

(5) Aids quick action in making 
changes in process. 


Let’s Try Analysis of Variance 


JAMES A. FIZZELL 


ILLINOIS TESTING LABORATORIES, INCORPORATED 


When Shakespeare decided that 
Juliet should inquire, “What's in a 
name?”, he also provided the an- 
swer that no significance need be 
attached to a mere name! Such an 
implication, however, does not take 
in‘o account the psychological ef 
fect of a name, especially when 
that name is all that one knows 
about a subject. Take this subject 
analysis of variance for instance; 
it sounds rather formidable when 
you first encounter it. If, however, 
we call it just a systematic study of 
the variations in a process, you can 
immediately some fa 
miliar machine or assembly or a 
complete manufacturing process or 
a whole departmental function, 
and you can then imagine varia- 
tions occurring in its operation. 
Well, that is the kind of a picture 
that you really should have in order 
to start reading this article 

This statistical method may be 
thought of as a new tool which 
can be purchased for your use by 
the expenditure of a little effort 
and study. When a company buys 
a new and expensive machine, 
much study is given to the instal- 
lation and operating instructions 
The millwrights, electricians, and 
maintenance men have to learn how 
to install and to care for the ma- 


visualize 


22 


chine. Then the operating personnel 
go through the process of learning 
to make the machine perform. This 
logical program is always taken 
for granted and industry accepts 
it. Now, if industrial men who are 
doing investigation and research 
work were to look upon analysis 
of variance with this same attitude, 
they would soon find themselves 
possessing a powerful tool that 
will really save time and money. 
The fear of this mysterious expres- 
sion so glibly invoked by the ex- 
perienced statistician must be dis- 
pelled so that industry can profit 
by the more widespread use of 
analysis of variance. 

Two men who were deeply in- 
terested in making the subject of 
statistics so practical that it could 
depart from the school room and 
go into the shop or out on the farm 
were R. A. Fisher ' in England and 


EDITORIAI NOTI Analysis of variance 
techniques have been used in several papers 
previously published in IQC. This paper opens 
the door to an expository treatment of this 
subject. Subsequent issues will contain a 
rather complete presentation of analysis of 
Variance procedures under the oint authors} ip 
of staff members of the Ontario Resear 
Foundation Many of the questions and de 
tails of development intentionally left oper 
in the present paper will be discussed in these 
forthcoming articles M. Ff Ww 


G. W. Snedecor * at lowa State 
College of Agriculture Both of 
these men have pioneered in the 
application of analysis of variance 
to biological experiments and to 
experiments in the testing of land, 
agricultural products, and soil 
treatments. Because of the fact 
that so many months are required 
to do experiments like these, it is 
necessary to get the maximum 
amount of information from each 
experiment. The system for ana- 
lyzing variance accomplishes this 
for the experimental farmer, but it 
also works equally well for the 
physicist, the chemist, and the in- 
dustrial investigator. It is by no 
means limited to agricultural and 
biological studies. 

Since this scheme of taking and 
analyzing data is such a power- 
ful one, you may naturally feel that 
one should be a trained statistician 
to understand completely the the- 
oretical details behind the analysis 
of variance. With this feeling, we 
heartily agree, but we find that 
this requirement doesn’t present 
quite as severe a limitation as you 
might fear. Just consider for a 
moment that there are hundreds of 
thousands of reasonably success- 
ful automobile drivers who can’t 
explain the physics of a carburetor 
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nor draw the diagram of the igni- TABLE | 
tion system. Many of us who 
started using control charts of the b varveariee 
X and R variety did so without a saan . . . : 
thorough knowledge of statistics, January 1.463 4.460 2.167 1.107 
what an understatement; we February 1.237 1.853 0.661 1.426 
could hardly pronounce the word!) March 1.04] 1.566 1.139 1.229 
but we learned the mechanics of April 1.626 0.821 1.628 1.183 
applying control charts and then May 1.021 4.435 1.515 1.649 
picked up the theory later. If the June 0.890 2.272 0.842 1.653 
routine is well planned, it is safe 
to do that. This introductory article 
is intended merely to attract atten- TABLE II 
tion, arouse nterest, impart some Te 
knowledge and invite further Month tattano ci Total Square 
study of analysis of variance. B C D E for Row of Total 
January 537 2.460 167 893 1.197 1.43281 
A PRACTICAL APPLICATION February 763 147 1.339 574 2.823 7.96933 
Since nearly all companies have March 959 534 861 771| 3.125 9.76562 
sales organizations or departments, April 374 1.179 372 817 2.742 7.51856 
a simple problem in the sales field May 979 2.435 485 351 0.620 0.38440 
should make an appropriate ex- June 1.110 0.272 1.158 347 2.343 5.48965 
ample. This problem is typical of Total 
some being solved, and it uses for Col. 4.722 3.307 4.048 3.753 9.216 32.56037 
actual data. The sales depart- 
ment in this example decided that Square 
it wanted to study four sales terri- of Total 22.29728 10.9362516.38630 14.08501, 63.70484 84.93465 


tories in a certain section of the 
United States to see whether or not 
they had shown equal rates of 
growth in volume of 1947 sales 
over 1946 sales. As a general rule, 
the fluctuations from month to 
month and the variations in quart- 
erly totals make it impossible to 
distinguish a significantly good or 
bad record unless it is extreme. 
This is a situation in which analysis 
of variance is commonly used. 


The sales department submitted 
for this analysis.a series of 48 fig- 
ures representing the total volume 
of sales made by each of the four 
territories during each of the first 
six months of 1946 and each of the 
first six months of 1947. By taking 
a ratio of the January, 1947 sales 
to the January, 1946 sales for a 
given territory, one can obtain a 
figure which measures the increase 
in sales. There are 24 such ratios 
to be computed from the data, and 
these would be alike if all terri- 
tories increased their sales volume 
in the same proportion. Naturally, 
you wouldn't expect to find the 
ratios identical, but you might dis- 
cover that they are statistically 
alike. 


The 24 ratios have been com- 
puted from the actual sales records 
for the months and years men- 
tioned, and they are displayed in 
Table |. The average ratio is 
1.616, which means that on the 
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Sum of Squares of Row Totals ..... 
Sum of Squares of Column Totals 
Square of Total of All Ratios ........... 


average, each territory yielded 
61.6% more business in the first 
six months of 1947 than it did dur- 
ing the corresponding part of 1946. 
This figure is somewhat mislead- 
ing, and it is not nearly as import- 
ant as another but less obvious one. 
We need a figure to describe the 
variation which exists among the 
24 ratios. The quantitative statis- 
tical measure of variation is called 
variance °, and we must analyze 
this variance in order to find the 
answer to the question presented 
by the sales department. 


SETTING UP THE PROBLEM 


The plan for making this analysis 
is to go through a routine set of 
calculations and to gather the re- 
sults of this arithmetic into a table 
which permits ready inspection and 
comparison of the figures. It is 
very important to keep the num- 
bers small for ease in calculation, 
so all of the figures shown in Table 
| have had the digit 2 subtracted 
from them and have been copied 
into Table li. This yields some 
positive and some negative figures, 
but they are all fairly small. The 
totals for each row and each col- 
umn have been recorded in Table 


32.56037 
63.70484 
84.93465 


ll, and the square of each total has 
been selected from a handbook 


containing a table of squares 

On a separate sheet of paper (not 
shown here) the square of each of 
the 24 ratios was written down, 
and the sum of these squares was 
obtained. This sum is entered into 
the first space in Table Ill. Then 
the square of the sum of all 24 
ratios has been selected from Table 
ll and is divided by 24 to provide 
the second entry in Table Ill. The 
difference between these two en 
tries is obtained and is extended to 
the right. All subsequent entries 
and subtractions in Table Ill are 
self-evident. 


As a result of these operations, 
we obtain three important differ 
ences which we designate by the 
letters, T, M, and |. We use these 
differences to compute three esti 
mates of variance based upon (1) 
the variation among totals of col 
umns, (2) variation among totals 
of rows, and (3) interaction (a 
term we shall not try to explain) 
between rows and columns. The 
algebraic symbol for variance is 
sigma squared. The calculation 
and value of each of these three 
estimates of variance is shown in 
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Table IV. Note in particular the 
divisors 4-1-3, 6-1-5, and 
(24— 1)—(3-+ 5) (4—1)(6—1 15 
Diminishing divisors in this way 


is always required in these calcu 
lations to yield what are called “un 
biased” estimates of variance. The 
divisors 3, 5, and 15 are also called 
“degrees of freedom.” It is not the 
purpose of this paper to elaborate 
on these terms 


The last variance is used as a 
basis for comparison with each 
one of the first two variances. The 
first variance, o,", is indicative of 
the variation in territorial sales 
growth rate, while the second var- 
iance is indicative of the monthly 
variation in sales growth rate. 
Thus, if o,* is significantly greater 
than o,*, it strongly suggests ab- 
normal differences between the per- 
formances of the four territories.’ 


Incidentally, since standard de- 
viation is the square root of var- 
iance, we can digress for a moment 
to observe that the standard devi- 
ation among territories is 


/2.35951 1.536. This figure 
looks quite large when we recall 
that the average of all the ratios 
shown in Table | was 1.616 


TESTING THE RESULTS 


The ratio of two variances is 
called “F”. When the two variances 
are alike, F is unity. When the two 
variances are not alike, we must 
remember to place the larger one 
in the numerator of the ratio, so 
that F will always be greater than 
unity. The problem then becomes 
one of telling whether F is signific- 
antly greater than unity.” 


In our quality control work with 


X charts, we were given a critical 
figure upon which to make a de- 
cision. When a plotted point was 
more than three sigma from the 
central line, it was considered be- 
yond the limits of random devia- 
tions, and it was said to be a 
“significant” deviation. The exact 
numerical value of this 30 limit was 


dependent upon several factors 
which involved the number of 
pieces in the sub-group. In our 


present test, we have a similar cri- 
terion which is dependent upon the 
number and arrangement of the 
rows and columns in Table Il. This 
dependency is not a simple func- 
tion, and consequently the critical 
figure is not computed for each 
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TABLE Ill 
























































Sum of squares of all ratios 25.8927) 
Square of total of all ratios 3.53894 
24 
Difference 22.35377 
Sum of squares of column totals 10.61747 
_ 6 
Square of total of all ratios 3.53894 
24 
Diff. (T) 7.07853 
ff. 15.27524 
Sum of square of row totals 8.14009 Di 
4 
Square of total of all ratios 3.53894 
24 
Diff. (M) 4.60115 
Diff. (1) 10.67409 
TABLE IV 
‘ Diff. (T) 7.07853 2 35951 
Territories— 1} 3 
i 4.6011 
"7 Diff. (M) 60115 0.92023 
Months— 1 5 
. Diff. (1) 10.67409 0.71160 
(Ter 1) (Mos. — 1) 15 


test, but is selected from a table of 
critical F’ figures. ' 


For the first comparison, let us 
set up the ratio 
F Om” / OF 
0.920 /0.7116— 1.293. 


The critical figure for this compar- 
ison, found in G. W. Snedecor’s 
table of F’ values, is 2.90.* The in- 
terpretation is that in 5 cases out of 
100 the F ratio may be expected 
to be equal to or greater than 2.90 
purely as a result of random vari- 
ations. It is clear in this case that 
the monthly variation is not signi- 
ficant, since F is smaller than F’. 


For the second camparison, let 
us set up the ratio 

F—o,*/a; 2.359, 0.7116—3.31. 
The critical F’ figure for this com- 
parison is 3.29. Since F is larger 
than F’ in this case, there is evi- 
dence of significant variation 
among the totals for the territor- 
ies. Their records should be studied 
to see whether there is some as- 
signable cause for this variation. 
This is the recommendation that 


*Directions for entering and using this table 


' ' ' 
are given in the table itself See reference 


2 and 6. 


was made to the sales department 
which had submitted the original 
problem. 

Further investigation showed 
that territory C had done a note- 
worthy job in 1947, and that its 
methods should be studied in 
planning the 1948 sales program. 
it should be noted that this ana- 
lysis of variance disclosed the ex- 
istence of a significant variation 
among territories and focused at- 
tention upon one territory, suggest- 


ing a@ more searching study for 
valuable information. 
There are numerous assump- 


tions and restrictions which must 
be observed in designing or set- 
ting up a new analysis of variance 
scheme; knowledge and experi- 
ence are required to obtain maxi- 
mum benefits. If, however, pre- 
pared tabular forms, such as Il, Ill, 
and IV, can be filled from observed 
data, one may make a useful start 
with this technique and proceed to 
test the calculated F ratios against 
the critical F’ values in Snedecor’s 
F table. The numerous textbooks 
touching upon various phases of 
this subject list analysis of variance 
schemes with different degrees of 
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complexity, and they explain the 
reasoning back of each scheme. 
The beginner should start with a 
prepared table to avoid most un- 
certainties. It can be stated with 
assurance that time spent in study- 
ing this fascinating subject will be 
a profitable investment. 
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A Training Program Becomes A “Clinic” 


GEORGE A. HUNT 


BRISTOL LABORATORIES, INCORPORATED 


A series of “What's Your Prob- 
lem” meetings of the Syracuse Sec 
tion constituted a training program 
where problems of individual mem- 
bers were described and discussed 
ina Mark Hopkins sort of way, with 
the chairman on one end of a log 
and the members of the local group 
wedged on the other end. Any 
member would start off by asking, 
“How would you... ?” Other 
members, or the chairman, after 
many questions to define the prob- 
lem clearly, would describe how 
they would tackle the difficulty. 
These meetings were popular. 
Even at other meetings, after lis- 
tening politely to a visitor for 45 
minutes, members not infrequently 
started a “What's Your Problem” 
session spontaneously. The ability 
of the society to survive in the first 
year of its organization was due 
to this type of meeting”. 


Such programs were interesting, 
but as the local quality control 
group became larger, it grew more 
and more difficult to persuade new 
members to present their problems 
The “What's Your Problem” meet- 
ing then developed into a more 
elaborate program, whereby the 
problem was presented by several 
individuals who developed specific 
phases or answered questions con- 
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cerning that phase. After discus 
sion, solutions were suggested by 
the members. If the problem had 
been solved by the group present- 
ing it, this solution was given and 
compared with the solutions of 
tered by the members. 


Although the program committee 
of the Section planned further 
meetings along these lines for the 
rurrent year’s meetings, and began 
to scout for problems encountered 
by local members, it became evi 
dent that there was a much better 
source of material. Members in- 
terviewed and asked if they could 
furnish data or material for pre- 
sentation of a problem were likely 
to reply, “You say that you want 
Well, Joe has a prob 


He’s in real 


a problem? 
lem that is a problem 
trouble.” Neither Joe nor anyone 
in Joe’s company were members of 
ASQC, or perhaps Joe had joined 
very recently, was unfamiliar with 
quality control, or didn’t know how 
to apply it in his work 


obvious A 
members of 


The answer was 
committee contacted 
Joe's company, talked 
troubles, and asked for permission 
to present his problem at a meet 
ing of the local section of ASQC. A 
problem was defined, 
lected, and technical terms defined 
so that those 


language of the 


over his 


data col 


unfamiliar with the 
ndustry could 
crasp the discussion. At the same 
time it was arranged to have rep 
resentatives of the Control Depart 
ment and the Laboratory attend 


the meeting to questions 


answer 


and to participate in the discussion 

A mimeographed letter was sent 
to members of the 
ten days prior to the meeting and 
is shown below 


local section 


WHAT'S YOUR PROBLEM? 
Syracuse Section, ASQC 


Problem: 
Quality Control be 
problems? Specifically, 


How may principles of 
applied to 
foundry 
how may the number of rejected 
castings be reduced in this foun 


dry? 


Job Description: 

Castings: Aluminum 

Weight Ten pounds 

Equipment Cope and 
Overhead Sand, Jolt Squeeze 
Machine 

Core: Green Sand 

Pins: Four baked (dry sand) pins 

Output Five hundred castings 
per day with eignt men 


Drag, 


unbaked) 


tA [OAS 


A Breakdown Sheet indicating 
major causes of rejections is en 
closed and shows 

Number of rejects per cause per 
day 

Weekly total of rejects per cause 

Weekly total of 


causes 


rejects for all 


Three-week total of rejects per 


cause. 
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Cause of Rejection: 


Sand 23 11 22 
Mis-run 2 2 
Blow 
Shift 15 
Cut 
Broken 11 2 3 
Drop l 1 2 
Corebreak ] 15 
Run out 2 
Core missing 
Crush 
Daily Total (Scrap) 40 29 44 
Production 478 514 


Daily and weekly production. 

A beginner's glossary of foundry 
terms (written by a beginner) may 
be helpful: 

Sand: Sand forms the mold. Such 
properties as moisture content 
and the clay coating on the 
granules, are important and are 
controlled by frequent laboratory 
analysis. The cause of rejection 
labeled “sand” is due to the 
sand washing into the metal, the 
metal and sand mix, the sand 
later falls out giving the casting 
poor appearance or weakens the 
structure of the casting. 

Mis-run: Metal fails to run in the 
mold. 

Shift: Mold shifts. Top and bot- 
tom (Cope and Drag) mismatch- 
ed. 


With the above letter at hand, 
the meeting was held in a class 


room with ample blackboard 
space. The discussion was lively, 
and member interest was keen 


After two hours, the janitor finally 
gave up and handed the chairman 
a note asking him to turn out the 
light — that he was going home! 


Many members subjected the 
breakdown sheet (causes of scrap) 
to statistical analyses. Some mem- 
bers looked for correlations of 
causes of rejections, several set up 
control charts and applied signifi- 
cance tests to the variability in 
manufacture. 


The discussion brought out sev- 
eral points of interest and enabled 
the members to make several rec- 
ommendations:* 


These are conclusions and recommendations 
Mem 


do not 


of the members of the local section 
bers of the staff 


concur 


of the foundry 


necessarily with them 
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500 470 


Core break: 


Run-out: 


Core missing: 


BREAKDOWN SHEET 
DAY OF MONTH 


Wkly. 

9 10 Total 13 14 15 16 17 

24 17 97 29 28 18 12 33 

] 3 - 4 6 4 1 

3 18 1 1 3 7 

1 4 21 3 3 4 4 3 

5 l x 4 3 3 2 1 

5 2 23 4 5 1 x 3 

1 1 4 1 2 2 1 

1 ] ] 1 1 
6 

35 32 180) 47 42 35 34 55 
530/2492| 430 494 500 505 465 

Cut: Mechanical error of “saw 
man”. Saw cuts meta! Care- 
lessness. 

Broken: Self explanatory. Rough 
handling of casting. Careless- 
ness. 

Drop: Part of the mold drops and 


prevents flow of metal. 

Core breaks, drops 
into mold, and prevents flow of 
metal. 

Metal runs out from poor 
fitting joints of mold or through 
failure of the wall of the mold. 
Self explanatory. 
Carelessness. 


Crush: Ill fitting core or mold (over- 


size or out of place) presses into 
mold cavity and deforms sand— 
“causes a crush”. 


1) Records were not adequate. 
Although the breakdown sheet 
indicated causes of rejection, the 
data given showed castings in- 
spected on that day, rather than 
the castings poured. From the 
present records there was no 
way to trace a rejected casting 
to a given melt or to a given day 
of pour. There should be ade- 
quate records and someone to 
keep and interpret them. 


2) Sample castings of this job 
are shipped daily to the custom- 
er for machining, but samples 
are taken from the first two of 
about eleven melts per day. 
More reliable information could 
be expected from a more repre- 
sentative sample. 


3) Delayed inspection is unsatis- 
factory here. “On-the-spot” in- 
spection together with segrega- 
tion of castings of each melt until 
completion of inspection is essen- 





Wkly Wkly. 3-Wk 

Total 290 21 22 23 24) Total Total 

320| 22 13 16 15 16) 82| 299 

15 1 1 1 1 4 27 

1 1 1 

12 0 3 

1 1 1 

17 7 4 3 7 4 25 63 

13 3 4 2 1 2 12 33 

21) 8 1 4 13 12! 38} 82 

6 1 1 3] 5 15 

3 1 1 1 3 7 

6 4 2 8 9' 15 

213| 46 24 31 39 40) 180! 573 
| 

2394! 464 500 473 518 570'2525 7411 

Reports of laboratory analyses 


are sent to a representative of man- 
agement, to the Control Depart- 
ment, and to the Foundry Foreman. 
It is possible to take action prompt- 
ly whether trouble is discovered by 
the foundry or anticipated by the 
laboratory, because of direct con- 
tact between the foundry foreman 
and the laboratory. 


The problem exists in a local 
foundry. Members of the foundry’s 
staff will be present at our meeting 
to answer your questions. They in 
turn are presenting this problem 
to you. Can you apply the prin- 
ciples of statistical quality control? 
What would you do if you were 
employed by a foundry? 


tial for data suitable for control 
of the process. For example, the 
natural subgroup of castings is 
a melt, or approximately 40 
castings. The rejected castings 
of the melt should be classified 
as belonging to the first ten, 
second ten, third ten, or fourth 
ten poured. If any trend in the 
process was observed, cost ac- 
countants should determine the 
economic size of the melt to min- 
imize cost of the scrap due to 
changes in conditions during 
pouring. 

4) Handling of sand is inade- 
quate. It is impossible with pres- 
ent equipment to prevent stra- 
tification of the sand without a 
mixer or blender. Samples of 
sand taken at hourly intervals 
are not representative without 
such blending. Control charts 
at this stage of the process would 
give little essential information 
under present conditions. 
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5) High rejection rates caused by 
sand are due to faults of equip- 
ment as well as to the physical 
condition of the sand. Crumbling 
during assembly of the mold or 
transport of the mold along the 
line, point to the need of more 
careful handling or improved 
equipment for assembly of the 
mold and of conveyors in the 
production line. 


6) Scrap produced for reasons of 
carelessness should decrease 
through instruction and mainte- 
nance of control charts on indi- 
vidual performance. 


lt is evident that the Syracuse 
Section will have more meetings of 


FIRST ANNUAL CLINIC AND 
GAGE EXHIBIT OF THE 
ST. LOUIS SECTION, ASQC 


On Novembe, 21, the St. Louis 
Section held its First Annual Clinic 
and Gage Exhibit. The object of 
this clinic was primarily to present 
to local industry a brief introduc- 
tion to statistical quality control. 
In this endeavor, the speakers 
proved to be particularly success- 
ful. 

The clinic consisted of three 
technical sessions: “Control Charts 
for Measurements,” by Irving W. 
Burr, Associate Professor of Mathe- 
matics, Purdue University; “Con- 
trol Charts for Attributes,” by J. H. 
Batchelor, Industrial Engineer, 
Washington University; and “A 
Study of Sampling,” by B. H. Nis- 
sen, Director of Brewery Division 
Laboratories, Anheuser-Busch In- 
corporated. 


The luncheon featured the sound 
film in color, “Modern Quality Con- 
trol,” with introductory remarks by 
Mr. S. Collier, Director of Quality 
Control, Johns-Manville Corpora- 
tion, which made the film. This 
excellent film was well received, 
and proved to be most stimulating 
and informative to all. 

The day’s activities concluded 
with a banquet during which the 
history of the St. Louis Society for 
Quality Control was briefly re- 
viewed by this Section’s President, 
Kort K. Pfabe of the Carter Carbu- 
retor Corporation. The principal 
specker of the evening, Mr. George 
D. Edwards, President of the Amer- 
ican Society for Quality Control, 
then presented a short history of 
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this type. The presentation of a 
problem and subsequent discussion 
serves as a member training pro- 
gram, especially when many mem- 
bers participate. Members must 
review the principles of quality 
control and apply basic control 
methods to a problem, frequently 
in a field outside their own. Es- 
sentially, each member must ask 
himself, “What would | do if | were 
employed by this industry?” 


Meetings such as this are more 
than member training programs. 
Such meetings become “clinics”. 
The word, clinic, (derived from the 
Greek, klinikos) pertains to the bed, 
and usage associates the word with 
the sick bed — not a show, a dem- 


the science of statistical quality 
control, and of the development of 
the American Society. Mr. Edwards 
closed with a few words on the 
present activities and plans of the 
American Society, and its promise 
for future development. 


onstration, or a convention as fre- 
quently used by quality control 
groups. The Syracuse Section thus 
combined its “What's Your Prob- 
lem” member training program 
with a “clinic” in the same sense 
that a treatment is administered to 
an ailing or deficient industrial or- 
ganization or a department of an 
otherwise healthy organization. 


Most industries would resent the 
inference that they were sick, but 
in the eyes of a Quality Control 
Engineer, and in the face of present 
day competition, any industry 
countenancing waste or prevent- 
able scrap is ailing or deficient and 
can use properly administered 
statistical quality control. 


The success of this event, with a 
total of over seven hundred per- 
sons attending the five meetings, 
has amply rewarded the members 
of the St. Louis Section for their 
efforts in making this clinic pos- 
sible. 





lications. 


issues. 


IMPORTANT NOTICE 


TO 1946-1947 MEMBERS 
WHO HAVE NOT RENEWED THEIR MEMBERSHIP 
FOR 1947-1948 


Under the Constitution of the American Society, all 1946-47 
members who had not renewed their membership for 1947-48 by 
remitting dues for the new year before 1 January, 1948, are 
required to be placed on the Suspended List and to receive no 
further issues of Industrial Quality Control or other Society Pub- 


Since this is the first year in which the above rule has been in 
effect, the Society has waived it to the extent of mailing this issue 
of the magazine to all members who have not yet renewed. No 
further waiver of the rule will be made, however, and the names 
of those who do not renew their memberships by 15 February will 
be removed from the mailing list for the March and subsequent 


All memberships renewed before 15 February will appear in 
the 1947-48 Year-Book of the Society. All members contemplating 
transfer to a higher grade are also urged to file their applications 
at the earliest possible moment, so that ample time will be avail- 
able for processing the applications and securing proper Year- 
Book entries before the date noted. 











CONFERENCE PAPERS 


Second Annual Midwest Quality Control Conference 
$3.50 Postpaid 


Order from: Alfred L. Davis, Treasurer, ASQC 
Rochester Institute of Technology, Rochester 8, N. Y. 
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AMERICAN SOCIETY NEWS 


BOARD AND COMMITTEE 
MEETINGS DURING 
ROCHESTER CONVENTION 


Many Board and Committee 
members will be present for the 
Convention in Rochester, who 
would not ordinarily find it pos- 
sible to undertake travel for the 
sole purpose of attending Board or 
Committee meetings. It will there- 
fore be highly desirable for Board 
and Committee Chairmen to take 
every possible advantage of this 
circumstance, and to plan such 
meetings in Rochester at that time. 

In addition, the President and 
Vice-President of the Society plan 
to meet during the Convention with 
all Section Chairmen or Presidents 
and all Section Vice-Chairmen or 
Vice-Presidents. The Executive Sec- 
retary and the Treasurer of the So- 
ciety are planning a similar meet- 
ing during the Convention with all 


Section Secretaries and Section 
Treasurers. 
if all Boards and Committees 


hold meetings during the Conven- 
tion, seventeen such sessions will 
be involved. The amount of 
“open” time during the Conven- 
tion is limited, so that a number 
of meetings will thus have to be 
scheduled simultaneously. A sched- 
vie has been worked out on this 
basis, arranged to avoid conflicts 
so far as possible, and is set forth 
below 


Monday, 16 February 
10:30 A.M.-12:00 Noon 
Committee on Programs and 
Speakers 
Nominating Committee 
4:00 P.M.-6:00 P.M. 
Board of Directors 


Tuesday, 17 February 
10:30 A.M.-12:00 Noon 

Section Chairmen or Presidents 
and Section Vice-Chairmen or 
Vice-Presidents 

Section Secretaries and Section 
Treasurers 

Editorial Board 

Committee on Membership 

Shewhart Medal Committee 

Committee on Relations with Ed- 
ucational Institutions 

Committee on Constitution and 
By-Laws 
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2:30 P.M.-4:00 P.M. 
Advertising Committee 
4:00 P.M.-6:00 P.M. 
Committee on Relations 
Other Technical Societies 
Committee on Publicity and Pub- 
lic Relations 
Committee on Professional Ethics 
and Qualifications 
Examining Committee 
Committee on Standards 
Auditing Committee 


with 


So far as possible, the above 
meetings will be held in the small 
Committee Rooms at the Rochester 
Chamber of Commerce, though it 
may be necessary to hold some of 
them in nearby hotels. The loca- 
tion of each Board or Committee 
meeting will be given in the Con- 
vention Program, and will be 
posted at Convention headquarters 
in the Chamber of Commerce. 

Board and Committee Chairmen 
will provide the members of their 
several groups with further infor- 
mation as it becomes available re- 
garding the meetings scheduled 
above. In the meantime, Board 
and Committee members are urged 
to arrange their schedules so that 
they can be present at the times in- 
dicated. 


EXECUTIVE COMMITTEE 
MEETS 


The Executive Committee held a 
two-day meeting at the Rochester 
Hotel in Rochester, New York, on 
6-7 December. All but two of the 
eleven members of the Committee 
were present. 

The Executive Secretary reported 
a highly unsatisfactory proportion 
of membership renewals, and an 
equally highly satisfactory showing 
in new memberships and in trans- 
fers to the Senior Member grade. 
Reports from the Regional Directors 
present indicated quite a number 
of additional renewals in process 
between Section secretaries and the 
Executive Secretary's office, but 
even with these included, the Ex- 
ecutive Committee felt that prompt 
and affirmative action is necessary 
to correct the situation. 

Regional Directors undertook to 
secure monthly reports on renew- 
als from each Director in their sev- 
eral Regions, and to transmit these 


promptly to the Executive Secre- 
tary. The Executive Secretary will 
combine and duplicate these re- 
ports in a single tabulation each 
month, and will transmit this tab- 
ulation to all American Society of- 
ficers and Directors, to the Exec- 
utive Chairman of the Membership 
Committee for distribution to all 
members of his Committee, and to 
all Section Chairmen and Secretar- 
ies. 

Each Regional Director also un- 
dertook to spur the drive for mem- 
bership renewals in each Section 
in his Region. 

The Treasurer presented a report 
showing a balance of $4,957.76 
on hand as of 3 December, 1947. 
Minor modifications in the tenta- 
tive budget for 1947-48 were ap- 
proved. It was reported that one 
or two Sections still have to adjust 
their fiscal years to terminate at 30 
June as required by the Constitu- 
tion. The Regional Directors con- 
cerned agreed to follow these Sec- 
tions and to urge that they take 
the necessary action so as to avoid 
the billing difficulties experienced 
this year. : 

The Executive Secretary reported 
a fair return of the post-card ques- 
tionnaires sent to all members for 
information required in connection 
with the next Year-Book. A con- 
siderable number of cards still re- 
main to be returned, however, and 
Regional Directors undertook to fol- 
low up this matter with the Sec- 
tions in their several Regions. 

The President reported that in 
accordance with the authorization 
given him at the previous meeting 
of the Executive Committee, he had 
accepted the invitation of the Ro- 
chester Section to hold the Second 
Convention of the American Society 
in Rochester in conjunction with the 
Fourth Annual Quality Control 
Clinic of the Rochester Section. He 
also reported that he had invited 
the members of the Planning 
Committee of the Rochester Section 
to meet with the Executive Com- 
mittee for the purpose of working 
out further plans ond details in 
connection with the Convention and 
Clinic. 

The joint meeting of the Exec- 
utive Committee and the Planning 
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Committee of the Rochester Section 
was held on the afternoon of 6 
December. During the two hour 
session which ensued, agreements 
and decisions were reached with 
respect to all matters which were 
susceptible of conclusion at that 
time. The decisions with respect 
to the program and other arrange- 
ments, provisions for reservations 
both for the sessions and for hotel 
accommodations, etc., are set forth 
in detail elsewhere in this issue of 
the magazine. 

Following conclusion of the joint 
meeting with the Rochester Plann- 
ing Committee, the Executive Com- 
mittee devoted substantial discus- 
sion to plans and preparations for 
the 1947-48 Year-Book of the 
American Society. Final decision 
as to publication date and other 
arrangements in connection with 
the Year-Book was delegated to 
the President and the Executive Sec- 
retary, but the Regional Directors 
undertook to urge their several 
Sections to press for membership 
renewals and for the enrollment of 
new members as rapidly as pos- 
sible so that a minimum number of 
renewals and new members would 
fail of inclusion in the Year-Book. 
Regional Directors also undertook 
to follow their several Sections and 
to urge them to make sure, so far 
as possible, that all of their Na- 
tional Committee nominees and all 
of their local Secticn officers are 
members of the American Society 
as well as of their local Sections. 
Only American Society members 
can be listed in any capacity in the 
Year-Book, and all non-American- 
Society members will hence have to 
be omitted. 

Numerous other matters were 
given detailed consideration dur- 
ing the two-day meeting of the Ex- 
ecutive Committee, and action 
taken in connection with a number 
of them is recorded elsewhere in 
this issue of the magazine. 


PROFESSIONAL CONSULTANT 
ADVERTISING 


The Committee on Professional 
Ethics and Qualifications has had 
under consideration for some little 
time the motter of professional con- 
sultant advertising in the maga- 
zine. It has now recommended to 
the Executive Committee that, as a 
service to members, such advertis- 
ing in the form of “business cards” 
be accepted from corporate mem- 
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bers of the Society only, under cer- 
tain conditions. 

This recommendation was care- 
fully considered by the Executive 


Committee at its meeting in De- 
cember, and was approved. 
Professional Consultant Adver- 


tising will hence be accepted here- 

after by the Society for publication 

in Industrial Quality Control under 
the following conditions: 

1. The advertisement must be in- 
serted by a corporate member 
of the American Society, by a 
partnership of which the Amer- 
ican Society corporate member 
is a partner, or by a corporation 
of which the American Society 
corporate member is an officer 
or director. The name of the 
American Society corporate 
member, and his grade of mem- 
bership in the Society, must ap- 
pear in the advertisement. 

2. The advertisement must be in 
the form of a “business card” 
adapted to occupy a space one 
inch by two inches in size in the 
magazine. The text matter shall 
be limited to the name, address, 
telephone number, etc., of the 
consultant, his grade of mem- 
bership in ASQC, and a short 
conservative statement of the 
character of services offered. 
The name of the partnership or 
corporation with which the ASQC 
member is connected, may be 
mentioned in addition to his 
own, if desired. 

3. Such advertisements will appear 
under a column headed “CON- 
SULTING SERVICES.” The follow- 
ing statement will appear im- 
mediately under this heading 
and above the advertisements: 
“Responsibility of the American 

Society for Quality Control, 
Inc., for Consulting Services 
advertising is limited to cer- 
tification that advertisers hold 
the grade of membership in 
the Society stated in their ad- 
vertisements. Qualification re- 
quirements for the several 
grades of membership are set 
forth in the Constitution of the 
Society.” 


4. Consulting Services advertising 


will be accepted for insertion in 
the March, 1948 issue of Indus- 
trial Quality Control, and for 
subsequent issues appearing bi- 
monthly thereafter. 

5. Copy for Consulting Service ad- 
vertisements should be sent to 


Mason E. Wescott 
Chairman, Editorial Board 
Lunt Hall, 
Northwestern University 
Evanston, Illinois, 
and must be in his hands by the 
10th of the month preceding the 
month of issue. 
6. Rates for Consulting Service 


business cards (1” x 2”) are as 
follows: 
For one insertion $ 7.00 
For three insertions .. 18.00 
For six insertions 30.00 


Bills for such advertising will 
be rendered by the Treasurer 
immediately following tne first 
insertion. 


EMPLOYMENT ADVERTISING 

At its meeting in December, the 
Executive Committee discussed at 
some length the desirability of em- 
ployment advertising in Industrial 
Quality Control, and concluded that 
this should be undertaken as a 
service to those members of the 
Society who may be looking for 
positions. 

“Positions Available” advertis- 
ing will hence be accepted for in 
sertion in the March, 1948 issue of 
the magazine, and for subsequent 
issues appearing bi-monthly there- 
after. 

“Positions Wanted” advertising 
will be accepted on a similar Lasis 
from corporate members of the So 
ciety only. 

Rates for both types of employ- 
ment advertising will be 50 cents 
per column-line per insertion, with 
a minimum charge per insertion 
based on five lines and a maxi- 
mum space not to exceed 20 lines 
per insertion. 

Employment advertisers may 
direct in their copy, if they desire, 
that replies be sent to the office 
of the Society at 305 East 43rd 
Street, New York 17, N. Y._ In this 
event, however, identification codes 
should be registered with the Ex 
ecutive Secretary in advance, or 
should be secured from him. The 
identification should then be in- 
cluded in the copy. 


Copy for Employment Advertis 
ing should be sent to 
Mason E. Wescott 
Chairman, Editorial Board 
Lunt Hall, 
Northwestern University 
Evanston, Illinois, 
and must be in his hands by the 
10th of the month preceding the 
month of issue. Bills will be ren 
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dered to advertisers by the Treas- 
vrer immediately following pub- 
lication. 


CODE OF ETHICS 


Ever since its appointment some- 
thing over a year ago, the Commit- 
tee on Professional Ethics and Qual- 
ifications has had before it the 
problem of drafting and recom- 
mending a Code of Ethics for adop- 
tion by the Society. During this 
intervening period, the Committee 
has devoted much time, study, and 
thought to the problem. It has ex- 
amined and compared the codes 
already adopted by other societies, 
and it has discussed the desirable 
provisions in such a code with 
many members of this and other 
societies. 

On 17 October, the Committee 
forwarded to the President, for 
submission to the Executive Com- 
mittee, a draft Code of Et'\ics which 
it recommended for adoption by 
the Society. In the main this draft 
code is an abridgment of a consid- 
erably longer and more detailed 
one already adopted by several so- 
cieties and now recommended for 
adoption by engineering societies 
in general. Because of its length, 
there has been some reluctance on 
the part of some societies to adopt 
this longer code, and a number of 
them have adopted abridgments 
quite similar in form and content 
to that now recommended by the 
Committee on Professional Ethics 
and Qualifications. 

The President submitted the Com- 
mittee’s recommended draft, with 
his endorsement, to the Executive 
Committee at its meeting in Decem- 
ber. After careful consideration, the 
Executive Committee voted unani- 
mously to submit the recornmended 
draft to the Board of Directors with 
the endorsement and recommenda- 
tion of the Executive Committee 
that the Board adopt it formally as 
the Code of Ethics of the Society in 
accordance with Sections 33. b. (7) 
and 52. b. of the Constitution. 

Copies of the draft have accord- 
ingly been forwarded by the Pres- 
ident to each member of the Board 
of Directors for his consideration 
and for subsequent expressions of 
his opinion favoring or opposing 
its adoption as the Code of Ethics 
of the Society. 

The draft Code of Ethics, as sub- 
mitted to the Board of Directors, is 
printed in full in this issue of the 
magazine. 
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DRAFT 


CODE OF ETHICS 


AS SUBMITTED AND RECOMMENDED BY THE 
COMMITTEE ON PROFESSIONAL ETHICS AND 
QUALIFICATIONS 
AND AS ENDORSED AND RECOMMENDED BY THE 
EXECUTIVE COMMITTEE 
FOR ADOPTION BY THE 
BOARD OF DIRECTORS 
ON BEHALF OF THE 
AMERICAN SOCIETY FOR QUALITY CONTROL 


in order to maintain the dignity of his chosen profession and 


to render proper service to individuals and the public, it is the duty 
of each corporate member of the Society: 


1. 


To carry on his professional work, with fairness to all con- 
cerned, fidelity to clients and employers, and. devotion to high 


ideals of personal honor; 
To treat as confidential his knowledge of the business affairs 


To inform a client or employer of any business connections, 
interests, or affiliations which might influence his judgment 


To accept compensation for a particular service from one 
source only, except with the full knowledge and consent of 


To advertise only in a modest manner and with due regard 
To refrain from using improper or questionable methods of 
To avoid using unfair means to win professional advance- 
To refrain from associating himself with, or allowing the use 
of his name by, any enterprise of questionable character; 

To co-operate in building up the engineering profession by 
interchanging information and experience with other engi- 
neers and students, and by contributing to the work of en- 
gineering societies, schools, and the scientific and engineer- 


To refrain from using the advantages of a salaried position 


To give due credit to the work of others when using all or 


2. 
or technical processes of clients or employers; 
3. 
or impair the equitable quality of his services; 
4. 
all interested persons; 
5. 
to the dignity of the profession; 
é. 
soliciting professional work; 
7. 
ment; 
8. 
9. 
ing press, without disclosing confidential matter; 
10. 
to compete unfairly with others; 
11. 
part of their material; 
12. 


To consider his membership in this Society as affording him 
distinct opportunity to apply his special talents for the service 
of mankind. 








YEAR-BOOK 1947-1948 


Because of the excessive load of 
Society work on the Executive Sec- 
retary and on others involved in its 
preparation, work on the Year- 
Book for 1947-48 is not as far 
along at this time cs had been an- 
ticipated. The closing date for the 
Year-Book has hence not yet been 
set, though it probably will be in 
the near future. 

All renewals, new memberships, 


and transfers to higher grades of 
membership effected prior to 15 


February, 1948, will definitely be 
included in the Year-Book, how- 
ever, and members or prospective 
members are urged to get their re- 
newals and transfer or member- 
ship applications into the hands 
of the Executive Secretary by that 
date in order to insure their inclu- 
sion in correct form. Corporate 
members who have not renewed 
their membership for 1947-48, are 
reminded that this is the last issue 
of the magazine which they will re- 
ceive until their renewal has been 
effected. 
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When you specify test loads do you... hope for them? ... 
grope for them? ...or make sure of them THIS WAY ? 


EACH LOT OF EVERY ITEM 
AS IT CLEARS HUNTER is RANDOM 

FINAL INSPECTION SAMPLED for SPECIFIED 

. ) LOAD TEST 


with 


RESULTS RECORDED 
IN THE FORM OF A 
FREQUENCY DISTRIBUTION 





A QUALITY 
REPORT (QR) 


which 


BELIEVE IT 
OR NOT 
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SPRINGS, METAL STAMPINGS, WIRE FORMS, — 
MECHANICAL & ELECTRICAL ASSEMBLIES 
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HUNTER PRESSED STEEL COMPANY 


LANSDALE, PENNSYLVANIA 


Gentlemen: I'm interested. Please send me without obligation 


copies of “The Statistical Method for Control of Quality”, includ- 


ing an explanation of the Hunter Quality Report Service. 


Nome 
; Title 
y 7 Company Nome 
Street Address 


City 
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Economical Control 
at Production — 
a Management Tool 





Federal Indicating Gages plus Quality Control Charts 
Make Graphic what is happening at the Machine 
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FEDERAL PRODUCTS CORPORATION 


1144 EDDY STREET PROVIDENCE 1, R. 1. 
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ELECTRONIC 
A mely The F-deral Quality Control Primer 


will be mailed to anyone interested 
in this new management tool. 
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